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FOREWORD 

This  document provides  the overal l  r equ i r emen t s  for the  tes t ing of 
The t e s t  flight, Apollo Spacecraf t  011 during ground checkout and flight. 

designated as  Mission A-202 ,  will be conducted f r o m  the E a s t e r n  T e s t  Range 
of the Air  F o r c e  Miss i le  T e s t  Center.  It will  be the second in  a s e r i e s  of 
Block I Apollo spacecraf t  t es t s .  

The t e s t  xrehicle will consis t  of a n  unmanned command module,  a 
serlrice module,  a spacecraf t  adapter ,  and a Sa turn  IB launch vehicle. 
The  p r i m a r y  purpose of this  t e s t  flight will be to  evaluate the per formance  
of the  command module heat shield ablator  during a high-heat -load e n t r y  
and t o  demonst ra te  the compatibility and s t r u c t u r a l  per formance  of the 
s p a c e  vehicle. 

Comnients on this docunient should be d i rec ted  to  the Tes t  Requi re  - 
ments  Group of Apollo Desrelopment Analysis ,  S&ID, Downey, Extension 3622 
o r  3 .  
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C0-L 

1 . 0  INTRODUCTION 

1 . 1  PURPOSE O F  DOCUMENT 

This  document p re sen t s  the  cu r ren t  effort  and plans of S&ID in  support  
of Apollo Miss ion  A-202 (Spacecraft  011). This  vehicle t e s t  plan de ta i l s  the 
engineer ing r equ i r emen t s ,  objectives,  evaluation c r i t e r i a ,  vehicle checkout 
p lans ,  mi s s ion  t a s k s ,  data  requi rements ,  and  other  appropr ia te  r e q u i r e -  
men t s  ( f rom a s s e m b l y  through data  evaluation a f t e r  the  mission) .  
information is used  by Apollo Engineering and  Apollo T e s t  and Operat ions 
(ATO) f o r  mis s ion  planning and by NASA i n  p repa ra t ion  of the mis s ion  
direct ive.  

This  

1 . 2  PRECEDENCE O F  DOCUMENTS 

The Vehicle T e s t  P l an  for Mission A-202 takes  precedence  over  all 
other  cont rac tor  r e p o r t s  and documents concerned  with Spacecraf t  01 1 
tes t ing;  and i n  tu rn ,  i t  is superseded  by the NASA P r o j e c t  Apollo Flight 
Miss ion  Direct ive for  Mission A-202. 0 
1. 3 REVISIONS 

This  vehicle t e s t  plan incorpora tes  the p re sen t  r equ i r emen t s  and  
plans of NAA. 
r equ i r emen t s  and  plans in  support  of th i s  mission.  
planned to  include mis s ion  r u l e s ,  operat ional  t i m e  l ines ,  contingencies,  
and  a m o r e  comprehens ive  flight plan, 

It will  be r ev i sed  a s  r equ i r ed  to  re f lec t  ma jo r  changes in  
A rev is ion  i s  present ly  

1 . 4  DEFINITIONS 

The  definitions of t e r m s  used within th i s  document  a re  presented  i n  
Appendix A. 

1-1 ------CFrm.II. 
SID 64-2114 
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C- 

2 .0  FLIGHT TEST OBJECTIVES 

2. 1 MISSION SUMMARY 

The  Saturn-Apollo t r a j ec to ry  prof i le  during S-IB powered flight will  
approximate  a no rma l  inser t ion-into-orbi t  profile.  The  S-IVB powered 
boost prof i le  and subsequent se rv ice  propuls ion subsys t em (SPS) f i r ings  
will  be t a i lo red  to  provide optimum heat -load e n t r y  conditions for the 
command module. 
o r ien ted  for a G&N control led heat-load entry.  
a l t i tude will be nea r ly  28,  700  fps ine r t i a l  \relocity and - 3 .  5 ine r t i a l  flight 
path angle. 
approximate ly  100 minutes  a f t e r  launch. 

After SM -CM separa t ion ,  the command module will be 
Conditions a t  400, 000  feet 

Touchdown will  occur  i n  the ocean  near  Midway Is land 

2 . 2  FIRST -ORDER TEST OBJECTIVES 

The  f i r s t - o r d e r  t e s t  objectives for  Mission -4-202 a r e  as  follows: 

1. Evaluate the t h e r m a l  per formance  of the command module heat 
2 shield ablator  during a high heat-load ( 3 0 ,  000 to 40 ,  000 Btu/ft  ), 

long durat ion e n t r y  

2. Demonst ra te  the compatibil i ty and s t r u c t u r a l  pe r fo rmance  of 
CSM -Saturn IB 

2 . 3  SECOND-ORDER TEST OBJECTIVES 

The  following l i s t  indicates  the second-order  objecti \-es.  

P 

1. 

2. 

3 .  

Demonstrate  command module adequacy for manned r e e n t r y  f r o m  
low e a r t h  orb i t  

Evaluate pe r fo rmance  of emergency  detect ion s y s t e m  (EDS). 
(EDS will  he closed-loop i f  Miss ion  2 0 1  i s  successfu l  and 
open-loop i f  Mission 2 0 1  data  does not ver i fy  EDS des ign . )  

Demonst ra te  nominal mode separa t ion  of LES and boost protect ive 
cover (BPC)  f r o m  tile CSM, CSM f r o m  the S-IVB, and command 
module f r o m  the serv ice  module 

2 -  1 
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4. Determine pe r fo rmance  of guidance and  navigation (G&N) sub-  
sys tem,  stabil ization and control  subsys t em (SCS), environmental  
control subsys tem (ECS) ( p r e s s u r e  and t e m p e r a t u r e  control) ,  
e lec t r ica l  power subsys t em (EPS) ,  command module reac t ion  
control subsys t em (RCS), s e r v i c e  module RCS, and te lecommuni  - 
cations. 

5. Evaluate G & N  pe r fo rmance  during boost and  a closed-loop en t ry  

2 . 4  THIRD-ORDER TEST OBJECTIVES 

The th i rd -o rde r  objectives for  Mission A-202 a r e  a s  follows: 

1. 

2. 

3 .  

4. 

5. 

6 .  

Demonstrate  multiple SPS r e s t a r t  (a t  l e a s t  t h r e e  burns  of a t  l ea s t  
t h r e e  seconds durat ion at t en  seconds o r  g r e a t e r  i n t e rva l s )  

Evaluate SPS propellant re tent ion device after max imum prac t i ca l  
zero-g  coas t  by demonstrat ing no-ullage SPS s t a r t  and opera t ion  
(a t  least  20 seconds burn t i m e )  

Demonstrate  operat ion of the  parachute  r e c o v e r y  subsys t em and 
r ecove ry  a ids  following en t ry  

Deterniiiie launch and exit  en\-ironment to  ver i fy  ground t e s t  
e nvi r o nin e nt a 1 c r i t  e r i a 

Eva lua t e count down ope r a t  i on s 

Demonstrate  s a t i s f ac to ry  operat ion of the H F  and  V H F  subsys t ems  
a f t e r  en t ry  

2 - 2  -L 
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.J . %. 

3 . 0  TEST OBJECTIVE EVALUATION CRITERIA 

The  evaluation c r i t e r i a  presented i n  this  document cons i s t s  of detai led,  
spec i f ic  r equ i r emen t s  and data  required to  es tab l i sh  method and degree  of 
compliance with the t e s t  objectives specified a s  (1)  demons t r a t e ,  ( 2 )  de t e r  - 
mine ,  o r  ( 3 )  evaluate,  
number  and types of spacecraf t  measu remen t s  to be made  to  sa t i s fy  the 
t e s t  objectives.  
a r e  presented  i n  the following paragraphs ,  

Tables  3-1 and  3 - 2  p re sen t  a s u m m a r y  of the  

The evaluation c r i t e r i a  for Spacecraf t  01 1 t e s t  objectives 

3. 1 FIRST-ORDER OBJECTIVES 

3. 1. 1 Command Module Heat Shield 

The t e s t  objective to evaluate the command module  heat shield is as 
follows: 

Evaluate  the t h e r m a l  per formance  of the  command module  hea t  
shield ab la tor  dur ing  a high hea t  load (30 ,  000 to  40, 000  Btu/f t2) ,  
long dura t ion  en t ry .  

3. 1. 1. 1 Vehicle Dynamics 

Aerodynamic t r i m  and lift-to -drag  r a t io  changes will be co r re l a t ed  

The t r i m  
with changes i n  the ablat ive surface.  
c o r r e l a t e d  with shape changes a s  the ablat ion m a t e r i a l  e rodes .  
l i f t  and  d r a g  of the vehicle will  be de te rmined  by the re la t ionship  of the 
on-board  a c c e l e r o m e t e r s  with these fo rces ,  

The p r e s s u r e  m e a s u r e m e n t s  will be 

3 .  1. 1. 2 Tempera tu re  Control 

T e m p e r a t u r e  measu remen t s  will be used to  evaluate  the effect iveness  
of the  heat shield to  maintain t empera tu res  within des ign  r equ i r emen t s .  

3. 1. 1. 3 St ruc tu ra l  Pe r fo rmance  

The  data obtained f r o m  the s t r a i n  gauge m e a s u r e m e n t s  on the aft heat  
sh ie ld  will  be used  to de t e rmine  the s t r e s s e s  experienced during entry.  
Recove ry  of the  command module is e s sen t i a l  for heat shield exraluation, 
s ince  all heat shield measu remen t s  a r e  r eco rded  by the  on-board r e c o r d e r s .  
P o s t  -flight inspect ion of the heat shield will provide additional n e c e s s a r y  
informat ion  on per formance .  

3 -  1 
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Table 3-1. Summary  of T e s t  Objective Supporting Measuremen t s  

T e s t  Objectives 

FIRST ORDER TEST OBJECTIVES 

1. Evaluate CM heat shield 
ablator  performance 
during high heat load 

2. Demonstrate compatibil i ty 
and s t ruc tura l  per formance  
of CSM-Saturn IB  

SECOND ORDER TEST 
3B J EC T IVES 

1. 

2. 

3. 

4. 

5. 

Demonstrate CM adequacy 
f o r  manned en t ry  f r o m  low 
e a r t h  orbit  

Evaluate EDS per formance  

Demonstration of nominal 
mode separat ion of LES 
and BPC f rom CSM, CSM 
f r o m  S-IVB, CM f r o m  SM 

Determine per formance  of 

SM-RCS, te lecommuni  - 
cation 

S C S ,  ECS, EPS,  CM-RCS, 

Evaluate  G&N p e r f o r m -  
ance  during boost and 
closed -loop e n t r y  

Type of Measurement  

Ca lo r ime te r  
P r e s s u r e  
Thermocouple  
Char  
Ablation 
S t ra in  

Ground observat ion 
Ground R F  r e c e p -  
t ion 

See measu remen t  
s u m m a r y ,  
Table 3-2 

Events  
Analog 

Ground c a m e r a s  
Tracking  
Events  
Analog 

Subsystem m e a s u r e -  
ments  - See 
measu remen t  
s u m m a r y ,  Table  3 - 2  

T e m p e r a t u r e  
Pres  s u r e  
V i  br at ion 
Events  
Analog 

No. of 
vleasurements 

3 8  
32  
8 8  

3 
3 

1 6  

19 
4 

2 0  
4 

3 
1 
3 

23 
30 

3 - 2  
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Table 3-1. S u m m a r y  of Tes t  Objective Supporting Measuremen t s  (Cont) 

T e s t Obj e c t i  ve s 
~~ 

THIRD ORDER TEST OBJECTIVES 

1. 

2. 

3. 

4. 

5. 

6 .  

Demonst ra te  multiple SPS 
r e s t a r t  

De mons tra t e propellant 
re ten t ion  device by no - 
ullage s t a r t  and operat ion 
of SPS 

Demonst ra te  operat ion of 
parachute  r e c o v e r y  and 
r e c o v e r y  a ids  following 
e n t r y  

Determine launch and exit 
environment  to  ver i fy  
g r  ound t e s t en \..i r o nme nta 1 
c r i t e r i a  

Evaluate countdown 
operat ions 

Demonst ra te  operat ion of 
H F  and V H F  subsys t ems  
a f t e r  en t ry  

Type of Measurement  

SPS chamber  p r e s s u r e  
CSM acce le ra t ion  
Subsystem p r e s s u r e  
Subsys tem t e m p e r a t u r e  

SPS chamber  p r e s  s u r  e 
CSM acce le ra t ion  
Subsystem p r e s  s u r e  
Subs ys t e m t emper  a t u r  e 

Events  
Ana log 

See measu remen t  
s u m m a r y ,  Table  3 - 2  

C he c kout ins  t r ume nta - 
t ion 

See measu remen t  
suiiiiiiary, Table  3 -2  

No. of 
vleasurement 

1 
2 
5 

16 

1 
2 
5 

16 

8 
1 

3 -3  
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Table 3-2. Measurement  Summary  

Strair 
S 

~ 

Tempera tur  
T 

P r e s s u r  
P 

E v e n  
X 

~ 

Accelerat ior  
A 

Vibratior 
D 

Rat(  
R - 

38 

1 

6 

45 - 

Fr e que nc ! 
F 

Currenl  
C 

Quantit) 
Q 

Acoustical 
Y 

Posi t ior  
H 

- 
Radiation 

K 
PH-Acidit y 

Z 

Voltage 
V 

Total  

21 
177 
30 

9 
17 
60 
51 
11 
2 %  

2 
36 

55 
39 
12 

9 
30 
30 

1 
1 

40 

36 
3 

12 

710 

Command Module 

Heat  shield 
S t r u c t u r e  

E l e c t r i c a l  
E LS 
ECS 
G& N 
scs 
Flight  technology 
RCS 
EDS ( c r e w  safety)  
C & I  

3 
88 

8 

5 
3 
1 

18 

6 

30 
9 
4 

16 
12 

1 

1 2  

216 

4 

2 

3 

9 

12 
1 6  

23 

24 

75 - 

6 
32 

1 
1 
8 
1 

10 

1 
9 
4 

6 
16 

95 

3 

8 

23 
27 

2 
5 

1 
9 

1 

32 

12 

123 

15 

28 
15 

23 

8 

89 

2 

1 

3 

3 

4 

4 
2 

13 

3 

4 

6 

3 

16 

8 

4 

12 

5 

3 

8 

Se rv ice  Module 
S t r u c t u r e  
E l e c t r i c a l  
ECS 
Fl ight  technology 
SPS 
RCS 
EDS ( c r e w  safety) 
C & I  

LES 
Spacecraf t  L EM 
Adapter 

S t ruc tu re  
Fl ight  technology 

BOOSTER 
EDS ( c r e w  safety)  

TOTALS 

3 -5 ,3 -6  
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3. 1. 1. 4 Data Requirements  

Rada r ,  optical  t racking,  and photographic coverage (sequent ia l  and 
documentary) ,  in  addition to  the t e l eme t ry  and on-board r e c o r d e r  data ,  
a r e  requi red ,  The accumulat ion of r ad iomete r  data during e n t r y  is  
des i rab le .  Heat shield tempera ture ,  flux, ablation, and char  m e a s u r e m e n t s  
will  be made. P r e s s u r e  measu remen t s  on the heat shield will  a l s o  be made. 
T e m p e r a t u r e  measu remen t s  will b e  provided for other c r i t i ca l  areas 
(command module \rent duct heat  sink and aft heat shield tension t ies) .  
Ablation and p r e s s u r e  measurements  will  be provided on the sc imi t a r  
antennas.  

3 .  1. 2 CSM-Saturn IB St ruc tura l  Pe r fo rmance  

The  t e s t  objective for the demonstrat ion of the s t ruc tu ra l  p e r f o r m a n c e  
of the CSM-Saturn IB i s  a s  follows: 

Demonstrate  the compatibility and s t ruc tu ra l  per formance  of 
CSM-Saturn IB. 

This  objective will be sat isf ied i f  no ruptur ing o r  s t ruc tu re  separa t ion  
o c c u r s  i n  the CSM-Saturn IB combination during boost. 
l ack  of s t ruc tu re  degradation of the following i t e m s  will be demonst ra ted :  
ECS (including r ad ia to r s ) ,  se rv ice  module RCS, cryogenic tanks and 
pluinbing, EPS r ad ia to r s ,  SPS, G&N,  SCS, and CSM. Photogr?phic  
coverage  and r a d a r  t racking will be used  to observe  and detect  s t ruc tu ra l  
fa i lure .  

In addition, the 

0 

3.2  SECOND-ORDER OBJECTIVES 

3 .  2. 1 Command Module Adequacy 

The  t e s t  objecti1.e for the demonstrat ion of command module adequacy i s  
a s  follows: 

Demonstrate  comiiiand iiiodule adequacy for manned r e e n t r y  f r o m  
low e a r t h  orbi t  

The flight t e s t  of Spacecraft 01 1 is the f i r s t  with complete spacecraf t  
subsys t ems  on board.  
manned miss ion;  therefore ,  a denionstration of sys t em adequacy is  requi red ,  
Data will be requi red  that will indicate whether the spacecraf t  subsys tems 
a r e  functioning o r  not. Emphasis  will  be placed on spacecraf t  subsys tems 
that a r e  necessa ry  for  c rew survival  during manned mis s ions .  

Test ing of t he  subsys t ems  will support  t he  first 
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r 9  

3 .  2. 2 Emergency  Detection Subsystem 

The  t e s t  objective to  evaluate the  emergency  detect ion subsys t em (EDS) 
is  a s  follows: 

Evaluate  per formance  of EDS. 
Miss ion  201 is successfu l ,  and open-loop i f  Mission 201 data  
does  not verify EDS design.  ) 

(EDS will  be closed-loop if  

IVith the EDS i n  the open-loop mode all EDS automat ic  a b o r t s  a r e  
The  open-loop mode is  implemented by placing the EDS auto inhibited, 

abor t  enable switch in i t s  OFFpos i t i on .  The  open-loop pe r fo rmance  will  be 
c,\-aluated by a n  analysis  of the  t e l e m e t r y  data  for the absence  of inadvertent  
s igna ls  on the booster -EDS in te r face  and  a n  ana lys i s  of the t e l e m e t r y  data  
ior those switching functions and d isp lays  that a r e  operable  i n  the open-loop 
c i r cui t r  y. 

3.  2. 2. 2 Closed-loop 

JVith the EDS i n  the closed-loop mode,  the  EDS auto abor t  enable 
s \ v i t c h  i s  i n  i t s  A U T O  o r  ON posit ion,  and all  n e c e s s a r y  switching functions 
arc 13erloriiied automatical ly  within the launch vehicle EDS. 
iiic:iits during a n  unmanned mis s ion  a r e  as  follows: 

The  r e q u i r e  - 

1, All switching functions that should occur  au tomat ica l ly  within 
the EDS sha l l  p e r f o r m  satisf; ictorily.  

2. All display c i r cu i t s  and d isp lays  sha l l  ope ra t e  when r e q u i r e d  
to  do so. 

3. If a c r i t i ca l  si tuation a r i s e s ,  which produces  a necess i ty  within 
the EDS for  a n  automatic  abor t  command to  be genera ted ,  th i s  
command shal l  r e a c h  the launch vehicle EDS/LES in te r face  and 
opera te  the engine cutoff c i r cu i t s  i n  the spacecraf t .  

Verif icat ion of these r equ i r emen t s  will  be accompl ished  by ana lys i s  of the  
data  obtained by te lemeter ing  the switching and d isp lay  s igna ls  and  photo- 
graphing the display panels.  

3. 2. 3 Separat ion Modes 

The  t e s t  objectix-e for demonstr; i t ing the sep;ir;ition modes  i s  iis follows: 

Demonst ra te  nominal  mode  separa t ion  of the LES and BPC f r o m  
the CSM, the CSM f rom the S-IVB, and the  command module 
f r o m  the serv ice  module.  
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“c- 

The sa t i s fac tory  operat ion of the launch escape  tower-command module 
separa t ion  will  be ver i f ied  by accomplishing the separat ion without collision 
or  damage to the command module.  
monitored and ver i f ied.  Optical  tracking will  be provided to ver i fy  adequate 
separat ion.  

0 
Dual miss ion  sequencer  s ignals  wil l  be 

Sat isfactory operat ion of the CSM-Saturn IVB separat ion mechanism 
will  be ver i f ied by launch vehicle and spacecraf t  separa t ion  without coll ision 
o r  damage to the CSM complex. 
monitored and ver i f ied.  The SCS pitch,  yaw, and r o l l  r a t e s  will  be monitored 
by the PCM ground station. During SLA-CSM separa t ion ,  the ability to  p r o -  
vide SPS engine gimbal  re tent ion w i l l  be ver i f ied ,  as  wel l  a s  the c learance  of 
the engine nozzle by the adapter .  The separa t ion  sha l l  not cause the adapter  
panels  to fold back over  the SIV-B antennas,  in te r fe r ing  with fur ther  
in form at  ion t r a n s  m i  s s io n . 

Dual mis s ion  sequencer  s ignals  will  be 

P r o p e r  operat ion of the CM-SM separa t ion  mechanism will be demon- 
s t r a t e d  by accomplishing separation without bumping or damage to the 
command module s t ruc tu re  and ablator.  
be monitored,  and their  timing verified. Acce le romete r s  i n  the command 
module will  provide acce lera t ion  data during separa t ion  by means  of the P C M  
link. The per formance  of the serv ice  module je t t ison cont ro l le r ,  which 
cont ro ls  the se rv ice  module RCS so a s  to i m p a r t  :I prede termined  AV to the 
s e r v i c e  module for a CM-SM separat ion,  will  be ver i f ied  by the successfu l  
s ep ar ation. 

The mis s ion  sequencer  s ignals  wil l  

0 

3 .  2. 4 Spacecraft  Subsystem Per formance  

The t e s t  objective for determining the per formance  of spacecraf t  
subsysteii is  is as  follows: 

Determine the per formance  of G&N subsys tem,  SCS, ECS 
( p r e s s u r e  and t empera tu re  control) ,  EPS, command module 
RCS, s e r v i c e  module RCS, and te lecommunicat ions.  

3 .  2. 4. 1 Guidance and Navigation Subsystem 

The c r i t e r i a  for verifying G & N  per formance  is covered in  Section 3 .  2. 5. 

3.  2. 4. 2 Stabilization a i d  Control Subsystem 

Emphas is  will be placed on the abi l i ty  of the SCS ( in  conjunction with 
the  G&N,  serx-ice module RCS and command module RCS) to control  the 
CSM i n  the var ious inodes of operation. 
be xrerified during A.1 mode, attitude control  mode, and en t ry  mode. In 
addition, the abil i ty of the SCS to s tabi l ize  the command module a t  s e p a r a -  
t ion (CM-SM) and r ecove ry  required att i tude will be ver i f ied,  

The per formance  of the SCS will  

0 
c 
I 
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3 .2 .4 .  3 Environmental  Control  Subsystem 

The operation of the ECS under  ze ro -g  and o ther  flight conditions will  
be  de te rmined .  Adequate opera t ion  of the coolant loop i n  the hea t  t r anspor t  
medium between the ECS and the e lec t ronic  cooling subsys t em,  and between 
these  subsys tems and the heat  re jec t ion  ( r ad ia to r  and wa te r  evaporat ion)  
subsys tem wil l  be ver i f ied.  The abil i ty of the ECS to cont ro l  the command 
module a tmosphere  and t empera tu re  wil l  be ver i f ied .  During en t ry ,  the 
abil i ty of the ECS to maintain cabin t empera tu re  and  p r e s s u r e  wil l  be ver i f ied .  

The  operation of the  ECS will  be de te rmined  to  the extent allowed by 
the avai lable  instrumentation. 
Spacecraf t  01 1 ECS will supply the t e m p e r a t u r e  data  for  the i n v e r t e r ,  
ba t te ry ,  MIT IMU, guidance computer ,  r ad ia to r  outlet ,  cabin a i r ,  sui t  
c i r cu i t ,  and evaporator outlet. 

The  ins t rumenta t ion  avai lable  for the 

3. 2. 4. 4 Elec t r ica l  Power Subsys tem 

The  fuel  cell ( F C )  pe r fo rmance  will be de te rmined  under var ious 

The effect of launch and z e r o  gravi ty  environments  on the 
environmental  conditions. 
de te rmined ,  
pe r fo rmance  of  fuel cel l  subsys t ems  wil l  be d e t e r m i n e d .  

Fue l  c e l l /  spacecraf t  in te r face  effects will be 

The  l imited pe r fo rmance  c h a r a c t e r i s t i c s  of the h e a t e r ,  hea te r  cont ro ls ,  
quantity s e n s o r s ,  e t c . ,  will be establ ished.  The  demands  of the environ-  
menta l  control  and FC subsys t ems  on the cryogenic  s to rage  subsys tem during 
ac tua l  flight will be de te rmined ,  
on the heat re ject ion c h a r a c t e r i s t i c s  of the fuel ce l l  r ad ia to r  will  be 
de te rmined .  
help es tab l i sh  the supplemental  cooling water  r equ i r emen t s .  

The effects of launch and  a scen t  conditions 

Determination of the rad ia tor  capabili ty for  the  mis s ion  will  

The abil i ty of the e n t r y  and  post-landing ba t t e r i e s  to  provide adequate  
power for e n t r y  and r ecove ry  will  be verified.  

3. 2.4. 5 Command Module React ion Control  Subsys tem 

The  possibil i ty of s y s t e m  ove rp res su r i za t ion  a s  the r e s u l t  of boost 

The ability of  the command module RCS to  control  the command 

A r e a s  of 
The  capabili ty 

heating effects  on the command module RCS propel lant  tanks will  be inves t i -  
gated. 
module en t ry  ( i n  conjunction with the G&N and  SCS) will  be ver i f ied,  
pe r fo rmance  of  the command module RCS will be de te rmined .  
i n t e re s t  will  include engine r e sponse  and specif ic  impulse ,  
for dumping fuel, purging the s y s t e m ,  and  propellant tank depres su r i za t ion  
of the command module RCS will  be de te rmined .  

Gross  
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The following da ta  will  be  obtained with the avai lable  instrumentat ion.  

Propel lan t  tank p r e s s u r e ,  which will  allow monitor ing of regula tor  
operation and ullage p r e s s u r e  p r i o r  to command module RCS 
activation 

Propel lan t  l ine t empera tu res  to  de t e rmine  whether  propellant 
t empera tu res  a r e  within operating l imi t s  

Fuel  and oxidizer l ine (manifold) p r e s s u r e  to  demons t r a t e  p rope r  
operat ion of the propel lant  feed subsystem and indicate p rope r  engine 
inlet  p r e s s u r e s  

Engine outer  wal l  and valve outlet t empera tu res  to de t e rmine  the 
amount of heat  soak back to the engine valves  f r o m  ent ry  heating 
and engine operation 

Helium tank t empera tu re ,  which wil l  be  used to  c o r r e l a t e  with 
tank p r e s s u r e  during filling f o r  p rope r  loading and dur ing  flight 
for  de te rmining  p r e s s u r e  fluctuations due to t empera tu re  changes 
o r  to  leaks  

Helium tank p r e s s u r e  to monitor sou rce  decay 

3 .  2 .  4. 6 Serv ice  Module Reaction Control Subsystem 

The  possibil i ty of subsystem overpressur iza t ion  as  the r e su l t  of boost 
heating effects on the s e r v i c e  module RCS propellant tanks  wil l  b e  invest i -  
gated. Determination of the G&N,  s e r v i c e  module RCS, and SCS att i tude 
or ientat ion and cor rec t ion  capability will  be  made .  
effects on the  se rv ice  module RCS wil l  be de te rmined  f rom the flight data .  
Compatibility of the s e r v i c e  module RCS with the  boost environment will  b e  
de te rmined ,  as well  a s  the g r o s s  per formance  of the s e r v i c e  module RCS 
during pulsing and s teady-s ta te  operations.  Also to  b e  investigated will  be 
the response  and specific impulse of the engines.  

The aerothermodynamic 

The following da ta  will  be  obtained with the avai lable  instrumentat ion.  

Propel lant  l ine t empera tu re  to de t e rmine  whether  propellant 
t e m p e r a t u r e s  a r e  within operating l imi t s  

Fue l  and oxidizer l ine (manifolded) p r e s s u r e  to demons t r a t e  the 
p rope r  operat ion of the  propellant feed sys tem and indicate 
p rope r  engine inlet  p r e s s u r e s  

Engine valve and injector  head t empera tu res  to de t e rmine  the 
amount of heat  soak-back from boost heating and engine operation 

Engine package t empera tu re  to de te rmine  whether  engines a r e  
within operat ional  l imi t s  

Hel ium manifold p r e s s u r e  to monitor regulator  operat ion 

Hel ium tank p r e s s u r e  to monitor source  decay 
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* 

3 .  2. 4. 7 Telecommunication 

3. 2. 4. 7. 1 Communications Subsystem. The  pe r fo rmance  of that  
portion of the communications subsys t em (CI) r equ i r ed  to  support  the f i r s t  
manned mis s ion  will be de te rmined ,  
equipment,  S-band power amplif ier  equipment,  2 -kmc antenna switch,  
2 -kmc high-gain antenna equipment,  H F  orb i ta l  antenna,  and  te levis ion 
equipment. Pe r fo rmance  de termina t ion  will  be accomplished by a n  ana lys i s  
of the communications equipment s igna ls ,  a s  rece ived  by MSFN o r  r e c o v e r y  
f o r c e s  equipment, and of the t e l eme te red  o r  tape  r eco rded  communicat ions 
equipment pa rame te r s .  
cations equipment m a y  be fur ther  evaluated by post  -flight opera t ion  of such 
equipment. The per formance  of the following functions will be de te rmined .  

Excluded a r e  the unified S-band 

Any apparent  subs tandard  pe r fo rmance  of communi  - 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

8. 

9. 

VHF/FM PCM t r a n s m i s s i o n  to  the  MSFN f r o m  the CSM 

Reception of UHF up-data f r o m  the  MSFN 

Transmiss ion  of VHF/AM simulated voice communicat ions 
(400-cps tone) t o  the MSFN f r o m  the CSM 

Providing a t i m e  r e fe rence  for  the CSM communicat ions sub-  
sys t ems  and for u s e  by other  CSM subsys t ems  (This  t i m e  
re ference  is  to  be synchronized with the CSM G&N subsystem. ) 

Providing data  process ing  for  conditioning and encoding CSM 
analog and digi ta l  data  into a P C M  fo rma t  for t r a n s m i s s i o n  

Recording of PCM, PDM, and  analog data  

Transmiss ion  of VHF/AM s imula ted  voice communicat ion 
(400-cps tone) to  the r e c o v e r y  f o r c e s  until  touchdown of the 
command module 

Providing for  VHF and H F  d i rec t ion  finding by r e c o v e r y  fo rces  

Providing for  pulsed C-band r a d a r  t racking  by the MSFN 

3. 2. 4. 7. 2 Instrumentat ion,  The  adequacy of the ins t rumenta t ion  will  
be de te rmined  with spec ia l  attention on the heat shield t r a n s d u c e r s  and  tape 
r e c o r d e r s ,  and  the proper  r ange  coverage of the t r a n s d u c e r s .  
t ion of the signal conditioner and t r a n s d u c e r s  will be ver i f ied for c o r r e c t  
f requency  response  for the t e l eme t ry  channel used. 

The o p e r a -  

3-12 
SID 64-2114 -L 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

3. 2. 5 Guidance and Navigation Subsystem 

The t e s t  objective for the evaluation of the G&N i s  a s  follows: 

Evaluate G&N per formance  during boost and a closed-loop entry.  

The G&N subsys tem performance will be evaluated for the following 
modes  of operation. 

1. AV control,  
the spacecraf t  during a thrust ing phase. 
ver i fy  the G&N-SCS-SPS t i e  -in. 

The G&N subsys tem sha l l  be capable of controlling 
This  operat ion will 

2. Spacecraf t  control. The G&N subsys tem sha l l  be capable of 
maintaining and controlling var ious spacecraf t  a t t i tudes,  This 
operat ion will verify the G&N-SCS-service module RCS t ie- in .  

3. Ent ry  mode, The G&N subsys t em shal l  be capable of switching 
to the des i r ed  en t ry  p rogram and monitoring the en t ry  t ra jec tory .  
This  will ver i fy  the abil i ty of the G&N to control  the spacecraf t  
during en t ry  and the G&N-SCS-command module RCS tie-in.  

4. Up-link/Down-link. The G&N subsys tem sha l l  be capable of 
sending information t o  the communications subsys tem for 
t r ansmiss ion  to the MSFN and receiving MSFN t ransmi t ted  
information f rom the communications subsystem. These  
operat ions will ver i fy  the G&N-telemetry-updata  link t ie  -in. 

This  G&N per formance  will be evaluated by ana lyses  of the data on 

The compatibil i ty of the G&N with the boost environment  will 
the  s tabi l i ty  and accu racy  of the spacecraf t  during the var ious  modes  of 
operation. 
be evaluated. 
i n  the S-IVB and the G&N subsystem i n  the spacecraf t  during boost. 

A compar ison  will be made  of the output data of the ST 124 

3. 3 THIRD-ORDER OBJECTIVES 

3. 3. 1 Service Propuls ion Subsystem S ta r t  and Shutdown Pe r fo rmance  

The t e s t  objective i s  a s  follows: 

Demonstrate  multiple SPS r e s t a r t  (a t  l eas t  t h r e e  burns  of a t  l ea s t  
t h r e e  seconds durat ion of ten second o r  g rea t e r  intervalsk 

A total  of four  s t a r t s  and r e s t a r t s  of the SPS engine will be demon- 
s t r a t e d ,  one r e s t a r t  with no ullage maneuver.  
95  seconds a f te r  no ullage r e s t a r t ,  and  two three-second burns.  
obtained to  ver i fy  s t a r t  and shutdown performance.  

Burn t i m e s  will  be 250 seconds,  
Data will be 0 
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The  data  on the effectiveness of the baff les  t o  control  s losh ,  geyser ing ,  
vortexing, and pull-through of ullage (gas )  will  be l imited to that obtained 
f r o m  the propellant location senso r s .  S t ruc tu ra l  pe r fo rmance  of the  SPS 
during the boost acoust ic  and vibration environment  will  be demonstrated.  
The  s t r u c t u r a l  integri ty  of the SPS engine nozzle extension will  not be 
impa i red  during CSM-SLA-Saturn IVB separat ion.  

3.  3. 2 Serv ice  Propuls ion Subsystem No-Ullage S tar t  

The  t e s t  objective i s  as  follows: 

Evaluate  SPS propellant re tent ion device a f te r  maximum prac t i ca l  
ze ro -g  coast  by demonstrat ing no -ullage SPS s t a r t  and operat ion 
(at l ea s t  20 seconds burn t ime) .  

SPS r e s t a r t  will be demonst ra ted ,  without RCS ul lage,  a f t e r  approxi -  

Investigation of zero-g  effects on SPS r e s t a r t s  and  on 
mate ly  45 minutes of ze ro -g  coast .  
95  seconds.  
RCS f i r ing requi rements  will  be made. 

Burn  t i m e  will be approximate ly  

3.  3 .  3 E a r t h  Landing Subsystem 

The  t e s t  objective is a s  follows 

Demonstrate  operat ion of the parachute  r e c o v e r y  subsys t em and 
r e c o v e r y  aids following entry.  

The g r o s s  per formance  of the e a r t h  landing subsys t em (ELS) will  be 
demonstrated.  'l'he adequacy of the t iming for events  init iation by the ELS  
sequencer  will  be verified.  En t ry  environment  effects ,  such as high- 
t e m p e r a t u r e  boundary layer  gases  leaking into the parachute  compar tment ,  
will  be shown to be negligible upon full blossoming of the parachutes ,  

3. 3. 4 Launch and Exit  Environments  

The t e s t  objective is as  follows: 

* 
Determine launch and exit  environment  to  ver i fy  ground t e s t  
e nvi r o nmenta 1 c r i t  e r ia . 
The launch and exit environment  will  be de te rmined  f r o m  the v i b r a -  

tion, t empera tu re ,  acoust ic ,  s t r a i n  gauge, and  acce le ra t ion  data  to  be 
obtained throughout the launch vehicle boost phase  and during SPS firing. 
Emphas is  will  be placed on  determining the boost environment  for the 
command module, 
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COMW@WF 

3 .  3 .  5 Countdown ODerations 

The  t e s t  objective is  as  follows: 

Evaluate  countdown operations,  

After the sa t i s fac tory  completion of the spacecraf t  m i s s i o n  object ives ,  
data  will  indicate the  adequacy of the spacecraf t  countdown operat ions.  
C.ountdown opera t ions  will  be evaluated i n  the a r e a s  of spacec ra f t  subsys t em 
checkout adequacy. 

3.  3 .  6 H F / V H F  Subsys tems 

The t e s t  objective i s  a s  follows: 

Deliionstrate sa t i s fac tory  operation of the  H F  and  VHF subsys t ems  
after entry.  

After the e n t r y  R F  blackout per iod,  the sa t i s fac tory  opera t ion  of the  
H F  subsys tem,  the VHF/AM t ransmi t t e r  - r ece ive r ,  and the V H F / F M  t r a n s  - 
imitter will  be demonst ra ted ,  as  permi t ted  by l ine -of -sight conditions to  
p rope r ly  equipped MSFN o r  r ecove ry  f o r c e s  equipment. 
accompl ished  by ana lys i s  of signals f r o m  th is  equipment as r ece ived  by 
the  MSFN o r  r e c o v e r y  f o r c e s ,  and of the t e l eme te red  o r  tape r e c o r d e d  
equipment p a r a m e t e r s .  
equipment m a y  be fur ther  evaluated by post -flight operat ion of t he  equipment. 

This  will  be a 
Any apparent  subs tandard  per formance  of the  

3-15 
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4.0 TEST VEHICLE CONFIGURATION 

4. 1 VEHICLE SUBSYSTEM PRIORITIES 

The  following l i s t s  indicate the spacecraf t  subsys tems.  Each  subsys tem 
i s  ass igned  a pr ior i ty  (P - P r i m a r y ,  S - Secondary) in accordance  with the 
definitions of p r io r i t i e s  specified in Appendix A. Each subsys tem l i s ted  i s  
a complete  configuration unless  specifically denoted otherwise.  

4 .1 .1  Command Module Subsystems On-Board (Spacecraft  Construction) 

1. 
2 .  
3. 
4. 
5. 
6. 
7.  
8. 
9. 

10. 
11. 
12. 
13. 

14. 

Mission control  p rog rammer  
Guidance and navigation 
Heat shield 
Stabil ization and control  
Reaction control  
E lec t r i ca l  power 
Mission sequencer  
Environmental  control 
Displays and controls  
Emergency  detection 
Recovery 
E a r t h  landing 
Instrumentat ion ( r e f e r  to measu remen t  
l i s t ,  SID 63-511) 
Communications 

P 
P 
P 
P 
P 
P 
P 
P 
S 
P 
P 
P 
P 

P 

4. 1.2 Command Module Significant Subsystem Deletions 

1. Crew couches,  support  and r e s t r a i n t s  
2. C r e w  provis ions 
3. Spare  LIOH packs 
4. Scientific equipment 
5. Televis ion equipment 

4.1.3 Service Module Subsystems On-Board (Spacecraft  Construction) 

1. Serv ice  propulsion 
2.  Reaction control  
3 .  Environmental  control  
4. E lec t r i ca l  power 
5. CM-SM separa t ion  
6. Serv ice  module je t t i son  control ler  

4- 1 
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4. 1.4 Service Module Significant Subsystem Deletions 

1. 
2. H F  orbi ta l  antenna 

2 -kmc high-gain direct ional  antenna 

4.1.5 Spacecraft  LEM Adapter P 

The  adapter  to be used  between the spacec ra f t  and booster  will be of 
spacecraf t  construction and will uti l ize a hinge adapter  separa t ion  subsystem. 

4.1.6 Launch Escape Subsystem P 

1. 
2. 
3 .  
4. 
5. 
6. 
7. 
8.  

Launch escape motor  
Pi tch control motor  
Jet t ison motor  
Separation mechanism 
Canard 
Bal las t  
Nose cone (Q-ball) 
Boost protection cover  

4.2 VEHICLE DESCRIPTION SUMMARY 

Detailed descr ipt ions of the spacecraf t  and i t s  var ious  subsys tems a r e  
available i n  SID 64- 1237, Vehicle Model Specification-Basic, Block I. 
Deletions,  additions, and deviations to the bas ic  Block I configuration a r e  
descr ibed  i n  SID 63-703, Vehicle Contract End I tem Specification, 
Spacecraf t  0 11 ,  

4 .3  MASS PROPERTIES DATA 

An est imated weight s u m m a r y  of the spacecraf t  i s  presented  in  
Table 4-1. Other data,  such a s  center  of gravi ty ,  moments  of iner, t ia,  
m a s s  data summar ie s ,  and t ime  h i s to r i e s  a r e  available in  SID 64-1474, 
P re l imina ry  Weight and Balance Report ,  Spacecraf t  01 1.  
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Table 4- I .  Weight Summary  

Component 

Command module 

Se rv ice  module 

WPS propellant 

Total  CSM, including propellant 

Spacecraf t -LEM adapter  

Total  injected spacecraf t  

Es t ima te  d Weight 
(pounds ) 

11,000 

10 ,200  21,200 

16, 800 

38,000 

3, 900 

41, 900 

8 ,200  

50, 100 

Launch e scape  sys t em (including boost cove r )  

Total  launch spacecraf t  

:$Final propel lant  loading data will be de te rmined  at a l a t e r  date.  

4- 3 
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.* D 

5. 0 FLIGHT CONSTRAINTS 

Fl ight  cons t ra in ts  a r e  defined as the minimum test ing tha t  must be 
F a i l u r e  to  completed sa t i s fac tor i ly  p r io r  to  the fl ight of Spacecraf t  01 1. 

complete  these  t e s t s  sat isfactor i ly  could r e s u l t  i n  a flight delay.  

5. 1 FLIGHT TESTS 

1 ,  Sat isfactory completion of the following objective of 
Spacecraf t  002: 
launch escape  vehicle a i r f r a m e  s t ruc tu re  for  a n  abor t  i n  the 
power -on tumbling boundary region. 

Demonstrate  the s t r u c t u r a l  in tegr i ty  of the 

2 .  Satisfactory completion of the following objective of Boi lerplate  13 
Demonst ra te  the p r imary  mode of LET je t t i son  using the tower 
je t t ison moto r .  

5 . 2  GROUND TESTS 

1. Sat isfactory completion of one se rv ice  module RCS and one SPS 
(propulsion s ta t ic  f i r i n g )  for  Spacecraf t  0 11 miss ion  prof i le  
(Ai r f r ame  001) 

2 .  Sat isfactory completion of acoust ic  t e s t s  (ATR-603B) on a 
Block I CSM (Air f rame 007)  

3 .  Satisfactory completion of tower wa te r  drop  t e s t s  (ATR-201) 
(Ai r f r ame  007)  

4.  Sat isfactory completion of one 12-hour open-sea  r ecove ry  
communications te s t (Ai r f rame 0 0 7)  

5. Sat isfactory completion of s ta t ic  s t r u c t u r a l  limit load t e s t s  on 
the se rv ice  module (ATR 300)  and CSM (ATR 600) ( A i r f r a m e  004) 

6.  Sat isfactory completion of s t r u c t u r a l  limit load t e s t s  on the 
spacecraf t  - LEM adapter (ATR-404) 

7 .  Satisfactory completion of spacecraf t -LEM adapter  separa t ion  
t e s t s  (ATR-101) 

8. Satisfactory completion of flotation t e s t s  (Boi le rp la te  2 9 )  

5-1 
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.. 

9. Satisfactory completion of s e rv i ce  module panel  modes  and 
CM-SM s t r u c t u r a l  modal  t e s t s  (Boi le rp la te  2 7 )  

10 .  Sat isfactory completion of launch vehicle  s t r u c t u r a l  moda l  testing 
(Boilerplate 2 7 )  

1 1 .  Sat isfactory completion of landing capabili ty and r ecove ry  
operations testing (Boilerplate  2 5 )  

1 2 .  Sat isfactory completion of hybrid m i s s i o n  evaluator  t e s t  and 
guidance and control  (G&C) ICD verif icat ion t e s t s  in  G&C 
laboratory 

1 3 .  Sat isfactory completion of qualification leve l  " 0 "  on the following 
c r i t i ca l  sub  sys t ems :  

Se rv ice  propulsion 
R e  action contr  o l  
Guidance and navigation 
Stabil ization and control  
Environmental  control  
E lec t r i ca l  power 
Launch escape  
E a r t h  landing 
H e  a t  s hie Id 
Mechanic a1 separa t ion  
Miss ion  sequencer  
Miss ion  p r o g r a m m e r  
S e  rv ice  module je t t ison cont ro l le r  
Communications 
Ins  t rume  nta ti on 
Recovery  a ids  

5-2 
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co- 

6. 0 MISSION RULES 

The Mission ru l e s  p re sen t  the l imitat ions and conditions which mus t  
be sa t i s f ied  p r i o r  to  launch. 
operat ional  readiness  of the vehicle and range support  sys t em in support  
of the mis s ion  objectives.  
operat ional  r ead iness  requi rement ,  and each  vehicle subsys tem and 
m e a s u r e m e n t  requi rement  i s  keyed to  the t e s t  objectives and ass igned  an  
operat ional  r ead iness  requi rement  in  accordance with NASA nomenclature  
(i. e .  , mandatory,  highly des i rab le ,  and des i r ab le ) .  Launch conditions 
define the allowable wind velocity and direct ion,  visibil i ty,  and launch 
angles .  

The launch l imitat ions define the requi red  

The range support  sys t ems  a r e  ass igned  an 

The Mission ru l e s  for  Mission A-202 ,  Spacecraf t  01  1, will  be supplied 
a t  a l a t e r  date a s  Appendix B to this document.  

6 - 1  - 
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7 . 0  SCHEDULE 

The t e s t  schedule for  Spacecraf t  011,  a s  es tab l i shed  by M a s t e r  
Development Schedule 8,  is presented in  F igu re  7- 1.  

SYSTEM FINAL PREPARATION AND 
INSTALLATION MISSION READINESS 

ASSEMBLY 

SCHEDULED MILESTONES 

1 .  PRELIMINARY VEHICLE TEST PLAN 
2.  MISSION DIRECTIVE (NASA) 

t LAUNCH 

Figure  7-1.  Spacecraf t  0 1  1 T e s t  Schedule 
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8 . 0  VEHICLE CHECKOUT P L A N  

The bas ic  philosophy adopted fo r  Spacecraf t  011 checkout i s  to p e r f o r m  
a s  much  a s  possible of the checkout a t  Downey in  o r d e r  to minimize field 
checkout flow t imes .  Individual, combined, and in tegra ted  subsys tem check-  
outs wil l  be conducted with a s  many of the subsys t ems  a s  can be opera ted  
safely a t  Downey. F ie ld  checkout wi l l  include only those  t e s t s  that  cannot be 
pe r fo rmed  at Downey because of the hazards  involved, o r  tha t  m u s t  be 
repeated because of invalidation due to demating,  mat ing ,  o r  shipping ope ra -  
t ions.  
equipment (ACE). 
be minimized to reduce the total  checkout t ime span. 

A l l  t e s t s  on the vehicle will be pe r fo rmed  with acceptance checkout 
ACE car ry-on  instal la t ion and r e m o v a l  operat ions wi l l  

8 . 1  VEHICLE PREPARATION AND CHECKOUT REQUIREMENTS, DOWNEY 

Downey vehicle preparat ion and checkout r equ i r emen t s  a r e  presented  
in  SID 64-330-1, Vehicle Ground Operat ions Requi rements  P lan ,  Space-  
c r a f t  01 1.  
scheduled for  Spacecraf t  01 1 a t  Downey, including spacecraf t  flow, t e s t  and 
checkout sequence, GSE requi rements ,  GSE configuration a r r angemen t s ,  and 
handling equipment d i ag rams .  

The re ferenced  plan p resen t s  the r equ i r ed  ground opera t ions  

0 

T e s t  data  shee ts  wil l  be prepared  for each  t e s t ,  and they will  p re sen t  
the following information: t e s t  location, t ime r equ i r emen t s ,  subsys t ems ,  
p re requ i s i t i e s ,  objectives,  and vehicle configuration, a s  wel l  a s  t e s t  
descr ipt ion,  sequence of t e s t  and checkout p rocedures ,  r equ i r ed  GSE, 
measu remen t  p a r a m e t e r s ,  associated p r o c e s s  specif icat ions,  and spec ia l  
considerat ions.  
out s ta t ions) ,  260, 6 ,  and 1 will be provided, i n  addition to spec ia l  d e s c r i p -  
t ions of ACE faci l i t ies  and operations,  

Fac i l i t i es  descr ipt ions for Buildings 290 (including check-  

The re ferenced  document (SID 64-330-1) outlines a s sembly ,  instal la t ion 
and continuity checks,  individual and combined sys t em checkouts,  modi f ica-  
t ions and closeout,  command module heat shield instal la t ion,  CSM cleaning,  
weight and balance,  mi s s ion  readiness  tes t ing that cons i s t s  of integrated sub- 
s y s t e m s  checkout, and preparat ion for  t ranspor ta t ion  and del ivery of the 
spacecraf t  modules  to F lor ida .  The final checkout planwil l  be presented  a t  
a l a t e r  date.  

8 . 2  CHECKOUT OPERATIONS, DOWNEY 

The spacec ra f t  checkout operations at Downey will  be conducted in  the 

0 t e s t  p repara t ion  a r e a  of Building 290. A plan view of Building 290 showing 

8-1 
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equipment  locations and the flow of the spacec ra f t  through the faci l i ty  is 
p re sen ted  i n  F igure  8-1. Individual subsys tem,  combined subsys tem,  and 
quality vibrat ion ver i f icat ion tes t ing will  be pe r fo rmed  'at Station 7. After 
the downst ream instal la t ions and modifications have been  completed a t  
Station 7,  the spacecraf t  modules  and GSE will  be moved to Station 2 fo r  
in tegra ted  subsystem testing. A Downey checkout flow plan f o r  Space-  
c r a f t  011 is shown in  F igu re  8-2. 

8 . 2 .  1 Station 7 Activation and Checkout 

Activation and checkout of Station 7 will  be completed before  ins ta l la -  
t ion of the spacecraf t  in the station. 
equipment requi red  to p e r f o r m  the subsys tem,  and quality vibrat ion 
ver i f icat ion testing will  be ins ta l led  and checked out with the facil i ty and 
ACE. 
station. 

During th i s  per iod,  all GSE and 

The pre- tes t  act ivat ion a l s o  includes checkout of the ground t e l eme t ry  

8 . 2 .  2 Subsystems T e s t s  

Subsys tem t e s t s  will  be conducted with the command module,  s e rv i ce  
module,  and launch e scape  tower instal led sepa ra t e ly  i n  the i r  r e spec t ive  
t e s t  s tands.  Spacecraf t  components  will  be e lec t r ica l ly  ma ted  and in t e r -  
connected by m e a n s  of GSE and plumbing suppor t  equipment,  so  that  the 
checkout m a y  be accomplished with complete  subsys t ems .  Before subsys tem 
checkout,  ACE- spacecraf t  compatibil i ty checks  will  be per formed.  Then 
each  spacec ra f t  subsystem will  be checked s ta r t ing  with the e l ec t r i ca l  power,  
environmental  control,  ins t rumenta t ion  and communicat ions subsys t ems .  

8 .  2. 3 Quality Vibration Verif icat ion T e s t s  

_. . * 

Quality vibration ver i f icat ion t e s t s  (QVVT) will  be pe r fo rmed  by 
instal l ing th rus t e r s  on each spacec ra f t  suppor t  stand and vibrat ing the 
vehicle while all subsys tems a r e  operating. The purpose  of these  t e s t s  
is  to es tab l i sh  the operat ional  integri ty  of the vehicle  under random v ib ra -  
t ion conditions as  experienced during the launch phase.  In addition, the 
t e s t s  will  es tabl ish the e l ec t r i ca l  integri ty ,  including the integri ty  of 
cold-solder  jo in ts  that  may  become in t e rmi t t en t  under these  conditions.  
These  t e s t s  a r e  not conducted to de t e rmine  a i r f r a m e  s t r u c t u r a l  capabili ty.  

8. 2. 4 Downstream Installation and Modification 

Cer t a in  hardware instal la t ions r equ i r ed  f o r  the des ign  engineer ing 
inspect ion (DEI) and the weight and balance opera t ion  could c r e a t e  a c c e s s  

ewwML 8-2  
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prob lems  during the individual subsys tem,  combined subsys tem,  and 
quality vibrat ion ver i f icat ion t e s t s .  Consequently, instal la t ion of the hea t  
shield,  boost protective cover ,  c r e w  couches,  parachutes ,  and m o r t a r s  
will  be made  af ter  the quality vibrat ion ver i f icat ion t e s t s  have been com-  
pleted. In addition, this  per iod  is used to accompl ish  modifications 
de te rmined  to be necessa ry  during the preceding testing and fo r  final 
updating of the configuration. ACE c a r r y - o n  equipment  will be removed;  
the fuel  ce l l s  will be instal led;  and the command module and s e r v i c e  
module will undergo a weight and balance opera t ion  to ver i fy  engineer ing 
calculat ions and to provide NASA with data  fo r  p re -mis s ion  calculations.  
After the weight and balance operat ion,  the c r e w  couches will be removed,  
and the command module will  be moved to Station 2 fo r  in tegra ted  sub- 
sy  s t e m  te s t  s. 

8. 2. 5 Station 2 Activation and Checkout 

GSE requi red  to support  integrated subsys tem testing will  be moved 

GSE and ACE connections will be m a d e  and verified,  and 
f r o m  Station 7 to Station 2 where  it will be instal led,  ca l ibra ted ,  and 
checked out. 
a station readiness  t e s t  will be per formed.  

8. 2 .  6 Integrated Subsys tems T e s t s  

The command module and se rv ice  module will be s tacked and aligned 
in  the integrated tes t  stand; the ACE c a r r y - o n  equipment  will be instal led;  
and spacecraf t -s ta t ion verification checks will be pe r fo rmed .  
t!iis period, a complete spacecraf t  and GSE configuration review will be 
conducted to identify and ver i fy  the actual  vehicle-GSE t e s t  configuration. 

During 

Integrated subsystem t e s t s  s imulate  the va r ious  mis s ion  modes ,  
including the abort  sequences.  
the total planned mission.  

These  mis s ion  r ead iness  r u n s  will s imula te  

Fuel  ce l l s  will be act ivated,  and a launch countdown will be per formed.  
EMC equipment will be instal led to monitor  ELMI during a l l  mi s s ion  s imula-  
t ions.  At this point, a b o r t  sequences  (including the pad, medium-  and 
high-altitude, and SPS abor t s )  \\.ill be pe r fo rmed .  After the mis s ion  
simulation has been sa t i s fac tor i ly  completed,  the EMC equipment  will be 
r c ~ i o \ ~ c d ,  and the mis s ion  s imulat ion will be r e r u n  fo r  NASA sel l -off .  

8 - 6  
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* ,  

8.  2. 7 Shipping P repa ra t ions  

After the cus tomer  readiness  review (CARR) meeting with NASA, the 
spacec ra f t  will  be demated,  and all open work  i t e m s  will  be c leared ,  includ- 
ing MCR's ,  EO 'S ,  and squawks. His tor ica l  r e c o r d s  consisting of the FAIR 
books,  CCR' s ,  and shortage sheets wil l  be closed out, and the acceptance 
data  package and DD-250 wil l  be prepared .  I t ems  of GSE and flight hardware  
wil l  be packaged, weighed, and loaded on t rucks  for  t ranspor ta t ion  to the 
air por t .  

8 . 3  FIELD OPERATIONS REQUIREMENTS 

The engineering checkout requi rements  for field operat ions a r e  con- 
tained in  SID 64-330- 1 ,  Vehicle Ground Operat ions Requi rements  P lan ,  
Spacecraf t  011. In addition to the information d iscussed  in Section 8.  1 of 
this  document,  the re ferenced  plan encompasses  the integrated operat ional  
r equ i r emen t s  for Spacecraf t  0 1  1 in the MILA Flor ida  Fac i l i ty  f rom prelaunch 
and countdown checkouts through vehicle launch. 

The document def ines  the requi rements  for receiving inspection, 
instal la t ion and subsystem checkouts,  weight and balance operat ions,  
CM-SM mating and compatibility checks,  and integrated subsys tem 
c he c ko u t . 
8 . 4  CHECKOUT OPERATIONS, MILA/KSC 

8. 4. 1 Shipping 

The command module,  se rv ice  module,  and launch escape  subsystem 
components and GSE i t e m s  will  be t r anspor t ed  to KSC aboard  the Aerospace  
Lines  PG-377 and USAF C-133B a i r c r a f t .  The spacecraf t -LEM adapter  (SLA) 
wil l  be t ranspor ted  f rom Tulsa  t o  KSC by hel icopter .  A l l  spacecraf t  modules 
and GSE will  be off-loaded a t  the KSC skid s t r i p  and t r anspor t ed  by t ruck  to 
the MILA (Fac i l i t i es )  for  f i n a l  assembly  and prelaunch checkout, Other space-  
c r a f t  components, including the LES rocket  mo to r s  and parachutes ,  will  be 
shipped d i rec t ly  f rom subcontractor faci l i t ies  to KSC. The spacecraf t  will  
be  routed through the var ious MILA and KSC fac i l i t i es  and checked out a s  
shown in F igure  8-3. 

8. 4. 2 Receiving Inspection 

After a r r i v a l  a t  MILA, the spacecraf t  and assoc ia ted  GSE will be 
p rocessed  through receiving inspection in  sepa ra t e  fac i l i t i es .  The command 
module will  go d i rec t ly  t o  the hypergolic facil i ty,  the se rv i ce  module to  the 
s t a t i c  f i r ing facil i ty,  the SLA to the O&C building, and the LES components 0 

8-7  - SID 64-2114 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

v 

4 C 

2 
- 
Y a 

C 

n 
- 
0 
Y 
a 

3 

8 - 8  

- 
0 
m - 

c 
(d 

E 
3 
6-I 

r: 
0 

.r( 
c, 
rd 
k 
Q) 

0 
4 

v) 
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to  the pyrotechnic installation building. A l l  components will be visually 
inspected in  their  respec t ive  t e s t  a r e a s  for  proper  configuration and for 
possible  shipping damage.  The receiving inspect ion will  include a review 
of the hardware ,  acceptance data package, and DD-250 to  ver i fy  hardware 
rece ived ,  p a r t  sho r t ages ,  and open work  i t e m s ,  including MCR's ,  EO 'S ,  
and squawks. 

8, 4. 3 Command Module Checkout 

8 ,  4. 3. 1 Reaction Control  Subsystem 

The command module will  be instal led in  the hypergolic building t e s t  
ce l l  for  a functional ver i f icat ion of the command module RCS engines .  These  
t e s t s  will  include functional verification and leakage checks of the helium and 
propel lant  s to rage ,  dis t r ibut ion,  and feed subsys tems.  Functional checks 
wil l  be per formed at subsys tem operating p r e s s u r e s  of va lves ,  r egu la to r s ,  
and other  RCS components.  After subsys tem checkout,  GSE serv ic ing  and 
ACE control  units will  be connected and validated.  
concluded with a cold-flow checkout of the subsys tem.  

The RCS t e s t s  will  be 

8 .  4. 3. 2 R F  Compatibility T e s t s  

After completing the RCS checkout, the command module wil l  be moved 
and instal led in  the R F  sys t ems  tes t  facil i ty for  the purpose of demonstrat ing 
the compatibil i ty of the command module R F  subsys t ems  with each  o ther  and 
with the ETR ground equipment. A l l  R F  subsys tems,  including the t e l eme t ry  
t r a n s m i t t e r ,  C-band r a d a r  t ransponder ,  VHF t r a n s m i t t e r - r e c e i v e r ,  U H F  
command r e c e i v e r ,  HF t ransce iver ,  and the H F  recove ry  beacon, wil l  be 
exe rc i sed  in  an open-loop operating mode.  
phases :  
i n  operat ion;  the second phase will e x e r c i s e  only those R F  subsys t ems  
involved in  the r ecove ry  operation. 
t o r e d  by the Apollo open-loop ground s ta t ion and by the appropr ia te  E T R  
ground equipment.  
corn-mand modlile d - c  e l ec t r i ca l  buses  and i n v e r t e r s .  

The t e s t  will  be conducted in  two 
The f i r s t  phase will be per formed with a l l  in-flight R F  subsys t ems  

Equipment per formance  wi l l  be moni-  

An ex te rna l  GSE power source  wil l  be used  to  power the 

8 .  4. 3 .  3 G & N  Installation and Command Module Cleaning 

The command module will  be sen t  to the O&C building where  the G & N  
IMU wil l  be instal led and interface compatibil i ty checks will  be conducted. 
After  G&N instal la t ion,  a c c e s s  panels will  be removed,  and the command 
module will  be instal led in the cleaning posit ioner for  cleaning. The command 
module will  be vacuumed in  various rotat ional  posit ions to remove  all loose 
pa r t i c l e s ,  

8-9 
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8. 4. 3 .  4 Command Module-LES Weight, Balance,  and T h r u s t  Vector 
Alignment 

The command module-LES weight,  ba lance ,  and t h r u s t  vec tor  a l ign-  
men t  wil l  be per formed to  ver i fy  that  weight and balance p a r a m e t e r s  a r e  
within acceptable  flight l imi t s  and to  p e r f o r m  the LE  moto r  th rus t  vector  
alignment.  The command module will  be moved to  the pyrotechnic  ins ta l la -  
tion building and instal led in  the weight and balance f ix ture .  The parachutes ,  
m o r t a r s  (equipped with dummy in i t ia tors ) ,  the fo rward  heat shield and other  
flight components will  be ins ta l led  before the horizontal  and ver t ica l  weight and 
balance operat icn is per formed.  LES components ,  including the tower 
s t r u c t u r e ,  Q-bal l ,  e l ec t r i ca l  h a r n e s s e s ,  and l ive launch e scape ,  tower 
je t t i son ,  and pitch control  m o t o r s ,  wil l  be  a s sembled  and mated  to  the 
command module.  The combined command module-LES will  be weighed in  
the ve r t i ca l  position; the center  of gravi ty  wil l  be de te rmined;  and a th rus t  
vector  a l ignment  will  be per formed.  
requi red  to  obtain proper  to l e rances .  The command module-LES will  be 
demated ,  and the LES will  be placed in  s torage  until  it i s  r equ i r ed  a t  the 
launch pad. 

Th i s  operat ion wil l  be repea ted  i f  

The command module will  be r e tu rned  to the O&C building. 

8. 4. 4 Serv ice  Module 

8 .  4. 4. 1 SPS Fir ing T e s t s  

Before the receiving inspection i s  s t a r t ed ,  the se rv i ce  module wil l  be 
ins ta l led ,  without the RCS quads,  in  the s ta t ic  fir ing facil i ty t e s t  s tand in  
prepara t ion  for  the se rv ice  propulsion subsys tem s ta t ic  f i r ings.  GSE and 
ACE equipment ,  including the command module s imula tor ,  propel lant  and 
oxidizer  servicing uni ts ,  and environmental  equipment ,  will  be  connected, 
and compatibil i ty t e s t s  wil l  be conducted, 
buses  will  be energized,  and instrumentat ion wil l  be ca l ibra ted  in prepara t ion  
for SPS cont ro l  verification and valve s ignature  t e s t s ,  
f i r ings a r e  s t a r t ed ,  SPS low- and h igh-pressure  leakage and functional 
checks ,  SPS nozzle gimbaling checks ,  and propel lant-oxidizer  quantity ca l i -  
b ra t ions  wil l  be per formed.  The SPS will  undergo hot f i r ings  in  s e v e r a l  
operating modes .  After the completion of SPS s t a t i c  f i r ings ,  the propel lant  
and oxidizer  tanks and feed subsys t ems  will  be dra ined ,  f lushed,  purged,  
and re furb ished .  
of the en t i r e  SPS. 

The se rv ice  module a - c  and d -c  

Before SPS s ta t ic  

The s ta t ic  f i r i ngs  will  be concluded with a f inal  l eak  check 

8 .  4. 4 .  2 Serv ice  Module Quads RCS T e s t s  

The serv ice  module RCS quads will  undergo a receiving inspect ion 
before  they a r e  installed one a t  a t ime in  the hypergol ic  facil i ty t e s t  ce l l  in  
prepara t ion  for  cold-flow f i r ings .  Af te r  GSE hookup and RCS-GSE compati-  
bil i ty checks ,  RCS low- and h igh-pressure  leakage and functional checks wil l  
be p e r f o r m e d  to ver i fy  sa t i s f ac to ry  subsys tem p e r f o r m a n c e .  The functional 
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checks  will  include verification of check valves ,  p r e s s u r e  r egu la to r s ,  and 
propel lant  control  valves .  
checks ,  the RCS will  undergo a cold-flow f i r ing.  The t e s t s  will  be concluded 
a f t e r  the propellant quantity gauging subsys tem has been ca l ibra ted  and the 
RCS has been dra ined ,  f lushed, purged, and functionally rever i f ied .  

After sat isfactory completion of the functional 
0 

8. 4. 4. 3 Cryogenic and F u e l  Cel l  T e s t s  

The se rv ice  module without the RCS quads will  be moved to the fuel 
c e l l  sys t ems  t e s t  facil i ty and installed in  the workstands in  prepara t ion  for 
cryogenic  and fuel ce l l  t e s t s .  GSE, including serv ic ing ,  cooling, and 
ground power units a s  well  a s  the command module s imula tor ,  wil l  be con- 
nected to the vehicle,  and compatibility checks will  be conducted. E lec t r i ca l  
power and instrumentat ion verifications will  be per formed,  and the cryogenic  
subsys tem will  be serv iced  with liquid hydrogen and liquid oxygen. After a 
maximum oxygen demand t e s t  has been conducted, the fuel ce l l s  will  be 
operated with cryogenic  s . 

8. 4. 4. 4 SLA-Launch Vehicle F i t  Check 

The SLA will  be rece ived  from Tulsa.  After receiving inspect ion,  i t  
wi l l  be t ranspor ted  to the launch pad for  a mechanical  fit check with the 
launch vehicle instrumentat ion unit. This  check i s  to provide a s su rance  that 
a p rope r  mechanical  f i t  and e l ec t r i ca l  connector mating can be achieved 
without difficulty when the en t i re  spacecraf t  s tack  i s  moved to the launch pad. 
E lec t r i ca l  connectors  will  only be mated  mechanically.  
operat ion,  the SLA wil l  be removed and t ranspor ted  to  the O&C building for  
mat ing with the se rv ice  module.  

0 
After the mating 

8. 4. 4. 5 Service Module-SLA F i t  Check 

At completion of the fuel cell t e s t s ,  the se rv i ce  module will  be moved 
to  the O&C building; the serv ice  module RCS quads will  be instal led;  and the 
s e r v i c e  module will  be lifted onto the SLA for  SM-SLA mechanica l  f i t  checks.  
The e l ec t r i ca l  connectors  will only be connected mechanical ly .  After corn- 
pletion of the SM-SLA fi t  check,  the serv ice  module wil l  be removed f rom 
the SLA and instal led on the cleaning f ix tu re ,  where i t  wi l l  be tumbled and 
cle  ane d. 

8.4. 5 Spacecraf t  Checkout 

8. 4. 5. 1 CM-SM Mating and Interface Checks 

The serv ice  module will be moved to the CSM mating stand, where the 
SM RCS quads and the SPS iner t ia l  s imula tor  will be instal led.  
command module and se rv ice  module wi l l  be mated. 

Then the 0 
.. , ... 8-1 1 
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After mat ing,  a CM-SM al ignment  will be p e r f o r m e d  and  ver i f ied;  in te r face  
connec tors  will  be mated;  the command module a i r lock  will  be instal led;  
a leak check a t  the CM-SM in te r f ace  will  be pe r fo rmed ;  and all GSE equipment  
will  be connected to the vehicle.  
s e rv i ced ;  power will be applied to the spacec ra f t  buses ;  and all CM-SM 
in ter face  e lec t r ica l  c i r cu i t s  will be ver i f ied through operat ion of the appro-  
p r i a t e  subsys tems.  
and mechanica l  subsys tems compatibil i ty in  the ma ted  configuration. 
of the SPS engine will be p e r f o r m e d  to ver i fy  p rope r  f requency  r e sponse  and s tep  
input scaling. End-to-end gain checks  of the RCS and SPS th rus t  vec tor  cont ro l  
loops will complete the in te r face  verification. 

8 .  4. 5. 2 ECS Tes ts  

The ECS water -g lycol  subsys t em will  be 

The in te r face  checks  a r e  to ver i fy  the CSM e lec t r i ca l  
Gimbaling 

The ma ted  CSM will  be moved to the environmental  s y s t e m  t e s t  facil i ty 
and instal led i n  the works tands .  
cooling and ground power units,  will  be connected,  and the command  module 
environmental  hatch will be instal led.  
l eak  checks and ECS functional control  ver i f icat ion,  the oxygen subsys tem 
will  be serv iced ,  and a n  end-to-end ECS t e s t  will  be conducted. At the 
completion of ECS testing, the cryogenic  s to rage  subsys t em will be dra ined  
and p inged ,  and the spacecraf t  will  be r e tu rned  to the O&C building. 

GSE and ACE, including the serv ic ing ,  

After conducting command module 

8 .  4. 5. 3 Altitude Chamber  T e s t s  

The ma ted  CSM will be ins ta l led  in  the alt i tude chamber ,  and all 
r equ i r ed  GSE and a s soc ia t ed  t e s t  equipment will  be connected in  prepara t ion  
fo r  two al t i tude runs .  
leakage r a t e s  and to ver i fy  sa t i s fac tory  spacec ra f t  subsys tem pe r fo rmance  
unde'r conditions approaching h a r d  vacuum. 
configuration, except fo r  the flight ba t t e r i e s ,  o rdnance  devices ,  the SPS bell ,  
and the parachute  subsys tem.  After the serv ic ing  equipment,  leakage t e s t  
equipment ,  and umbilical  and pyro  s imula to r s  have been connected and 
ver i f ied,  power will be applied to the spacec ra f t  bus,  and the flight hatch 
will  be instal led.  
equivalent p r e s s u r e  alt i tude of 250, 000 feet ,  and the cabin leakage r a t e  will  
be m e a s u r e d  by te lemet ry  hardl ine.  
level  p r e s s u r e ,  and qualitative subsys tem checks  will  be pe r fo rmed  on all 
subsys t ems  to be opera ted  a t  alt i tude.  
r e tu rned  to a p r e s s u r e  alt i tude of 250, 000 f ee t ,  and a f t e r  subsys t em ver i f i -  
cat ion a f l ight  simulation will  be pe r fo rmed  f r o m  liftoff through touchdown. 
Befo re  the f ina l  descent  phase,  a h a r d  vacuum t e s t  will  be conducted on  the 
command module.  

These  t e s t s  will  be pe r fo rmed  to de t e rmine  cabin 

The CSM will  be i n  the fl ight 

The alt i tude chamber  p r e s s u r e  will  be pumped down to the 

The chamber  will  be r e tu rned  to s e a  

The al t i tude chamber  will  then be 

8; 4. 5. 4 Polar i ty  Check and Simulated Fl ight  

The m a t e d  CSM configuration will  be ins ta l led  on the polar i ty  f ix ture  
i n  p repa ra t ion  for polar i ty  checks  and a s imula ted  f l ight  mi s s ion .  The f i r s t  

-L 8-12 
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#*# c- 
t e s t  cons is t s  of an  end-to-end polarity check,  energizing a l l  subsys tems 
f r o m  the control  p r o g r a m m e r  through the RCS and SPS. 
f ixture  will  be operated to change the CSM attitude in  pitch, yaw, and ro l l  
i n  o r d e r  to ver i fy  proper  RCS and SPS re sponses .  Gas  flow s e n s o r s  using 
cold g a s  will  be used for  RCS verification, 
of a s imulated fl ight with all subsystems operat ing,  s tar t ing with umbil ical  
e ject ion at T -  15 seconds and continuing through touchdown. 

The polar i ty  
0 

The second t e s t  will  cons is t  

8. 4. 5.  5 Integrated Subsystem Tes ts  

The CSM will  be removed f r o m  the polar i ty  fixture and instal led in  the 
in tegra ted  t e s t  stand where flight hardware ,  including the SPS nozzle exten-  
s ion,  parachutes ,  ordnance i t ems ,  in i t ia tors ,  and forward  heat shield,  a r e  
instal led.  Instal la t ion of the SPS nozzle will  include a mechanical  f i t  check,  
a n  alignment,  and a p r e s s u r e  leak check. At this point, the CSM and SLA 
a r e  mated by hoisting the CSM and positioning i t  on top of the SLA. After 
completion of the mating operations,  the GSE, ACE, and umbil icals  will  be 
connected to the spacecraf t  and verified.  Abort  mode interface t e s t s ,  
including the emergency  detection subsys tem,  will  be per formed before 
in tegra ted  subsys tem t e s t s  commense.  Integrated subsys tem t e s t s  will  
cons is t  of a s imulated countdown. 

8. 4. 5 .  6 Launch Pad  Operat ion 

8. 4. 5. 6. 1 Spacecraft-Launch Vehicle Mating and Interface T e s t s .  
After sa t i s fac tory  completion of integrated subsys tem t e s t s  in the O&C 
building, the spacecraf t  (command module,  s e rv i ce  module,  and SLA) will  
be t ranspor ted  a s  a unit to Launch Complex 34 and mechanical ly  ma ted  to 
the launch vehicle.  The LES will be instal led on the spacecraf t ,  and all 
LES-spacecraf t  e l ec t r i ca l  cables will  be connected and verified.  Also,  all 
launch complex and GSE cabling wi l l  be connected to  the spacecraf t ,  and 
in te r face  t e s t s  will  be conducted us ing  the launch vehicle s imula tor .  After 
sa t i s fac tory  completion of the faci l i ty-spacecraf t  in te r face  t e s t s ,  the space-  
c r a f t  and launch vehicle will  be e lec t r ica l ly  connected, and e l ec t r i ca l  
in te r face  checks,  EDS t e s t s ,  sequencer malfunction t e s t s ,  and mis s ion  
abor t  t e s t s  will  be performed to verify proper  pyrotechnic c i rcu i t  sequencing 
and firing operat ions.  

8. 4. 5.  6. 2 Overa l l  Tes t .  Two overa l l  t e s t s  (OAT) will  be conducted: 
The f i r s t  i s  to  demonst ra te  spacecraf t - launch vehicle subsys tems compati-  
bil i ty and to ver i fy  that no t ransients  a r e  genera ted  in  the pyrotechnic o r  
a r m - s a f e  c i r cu i t s  during a launch vehicle mis s ion  simulation. The se rv ice  
s t ruc tu re  wil l  r ema in  i n  place,  and the umbil icals  will  not be pulled. 
second OAT will  ver i fy  spacecraf t  swing a r m  compatibil i ty and wil l  f i r e  all 

The 
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LES and separat ion subsys tem t e s t  ordnance devices .  
la te  in the launch countdown and wil l  continue through the CSM/S-IVB s e p a r a -  
t ion sequence.  Before s imulat ing CSM/S-IVB separa t ion ,  the LES motor  
f i r i ngs ,  the separat ion sequences ,  dnd the cornmLind d e s t r u c t  sys t em \<,ill be 
energ ized .  R F  compatibility t e s t s  will  be pe r fo rmed  before  the second OAT 
i n  o r d e r  to determine R F  compatibil i ty between the launch vehicle ,  space -  
c r a f t ,  and ETR.  These  t e s t s  are  conducted f i r s t  with the se rv ice  s t ruc tu re  
i n  place and then repeated with the s t ruc tu re  removed.  

The t e s t  wil l  commence  

8 .  4. 5. 6. 3 Simulated Countdown. The purpose of the s imula ted  count- 
down is to provide a complete r e h e a r s a l  of the ac tua l  launch p rocedures .  
The vehicle will  be se rv i ced  with cryogenic  and hypergolic fluids.  
subsys t ems ,  including the fuel ce l l s ,  will be opera ted  in  the s a m e  manner  
and sequence a s  during the actual  launch countdown. 
and e g r e s s  a rm will be r e t r a c t e d ,  and a l l  s e rv i ce  connections will be broken,  
The t e s t  will terminate  a t  T - 0 .  
cooled and purged, and the spacec ra f t  will be detanked and purged with nitrogen. 

A l l  

The spacec ra f t  umbil ical  

After t e s t  completion, the fuel  ce l l s  will  be 

8 .  4. 5.  6. 4 Simulated Flight.  

A l l  subsys tems will  be in operat ion,  except  for  fuel  ce l l s  and some  

A s imulated flight wil l  be  conducted a s  a 
f inal  ver i f icat ion of spacecraf t - launch  vehicle pe r fo rmance  during the flight 
phase .  
of the ordnance sys tems.  The t e s t  will  commence  la te  i n  the countdown and 
continue through S-IVB ignition, and i t  will  include the boost  phase abor t  
sequences .  A t  this point, the count will  be recyc led  to T - 0 ,  and a n o r m a l  
m i s s i o n  will  be conducted through the e a r t h  landing operat ion.  The  f inal  
t e s t  will  include a simulation of the a l te rna te  mis s ions .  

8 .  4. 5. 6. 5 Launch Day Act ivi t ies .  
tion will  include installation of the flight ba t t e r i e s  and serv ic ing  of the 
hypergol ics  and cryogenics subsys t ems .  
then a final subsys tems ver i f icat ion and mis s ion  s imulat ion wil l  be pe r fo rmed  
on in t e rna l  power.  
c losed out;  and the se rv ice  s t ruc tu re  wil l  be ro l led  away. A l l  subsys t ems  
will  be monitored during the final countdown for  sa t i s fac tory  operat ion.  

The f inal  launch countdown o p e r a -  

The fuel  ce l l s  wil l  be s t a r t e d ,  and 

The ACE wil l  be removed;  the command module wil l  be 

8 .  4. 5. 6 .  6 Launch Countdown. The launch countdown wil l  p roceed  as  
follows: 

1 .  Installation of flight ba t t e r i e s  

2 .  Application of ground power 

3 .  Servicing of cry-ogenics 

4.  Servicing of hypergol ics  and helium 

8-14  
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5. 

6 .  

7. 

8. 

9. 

10. 

1 1 .  

12.  

13. 

14. 

15. 

Start ing of fuel ce l l s  

F ina l  verification of subsystems 

a .  
b. 

d .  
e .  
f .  
g .  
h. 
i. 

C .  

E l ec t r i ca l  power 
Re action con  tr o l  
Guidance and navigation 
Stabilization and control 
Contr ol  p r  ogr  arnrne r 
Radio frequency equipment 
Launch escape  
Separat ion 
A r m  - safe 

Simulation of n o r m a l  subsystem operation 

Removal  of ACE ca r ry -on  equipment 

Closeout of command module 

Installation of final ordnance i t ems  

S i m d a t i o n  of n o r m a l  mission 

Removal  of s e rv i ce  s t ruc ture  

P lace  al l  subsys t ems  i n  their  launch configuration 

T r a n s f e r  to in te rna l  power 

Monitoring of a l l  subsystems for  malfunctions 

8 . 5  OPERATIONAL CHECKOUT PROCEDURES' 

Operat ional  checkout procedures  (OCP) will  be p repa red  for  each  
checkout operat ion,  including individual subsys tem,  combined subsys tem,  
QVVT, and integrated subsystem verification. The O C P ' s  will  define the 
s tep-by-s tep  procedure  and sequence of operation for  conducting each  tes t .  
The O C P ' s  will  be used in  the preparation of the ACE programming r equ i r e -  
m e n t s  documents ,  which supply information to G e n e r a l  E lec t r i c  for  the 
prepara t ion  of the ACE tapes.  

'The O C P  t i t l es  and number  assignments  have not been made  a t  this t ime.  
This information will  be included when i t  becomes  available.  
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-1, 

9 . 0  FLIGHT PLAN 

9 .  1 MISSION DESCRIPTION 

A m o r e  comprehensive and updated flight plan will be provided a t  a 
l a t e r  date a f te r  the rev ised  P re l imina ry  Reference Tra jec tory  document has  
been received f rom NASA. 
based  on available advanced information. 

The following i s  a general  miss ion  descr ip t ion  

Spacecraf t  0 1  1 will be launched by a Saturn IB launch vehicle f rom 

After S-IB 
Complex 34. The Saturn-Apollo t ra jec tory  profile during S-IB powered 
fl ight will approximate a normal  inser t ion into orb i t  prof i le .  
shutdown, the f i r s t  s tage  w i l l  be  jett isoned, and the S-IVB’s J - 2  engine 
will be s t a r t ed .  LES will be jettisoned a shor t  t ime l a t e r .  
boost  profile and subsequent SPS f i r ings will be ta i lored  to provide optimum 
heat load en t ry  conditions for  the command module.  
the CSM will s epa ra t e  f rom the S-IVB, and the SPS will be ignited and 
f i r e d  for approximately 2 5 0  seconds.  
f o r  the next planned SPS firing. After the spacecraf t  has  experienced 
approximately 50  minutes  of zero-gravi ty  coast  and passed  through an  
apogee of approximately 6 0 0  nautical mi l e s ,  the SPS will be ignited. This 
second SPS f i r ing of approximately 95 seconds will i n c r e a s e  en t ry  velocity 
by approximately 2800 feet  per  second. Two m o r e  SPS f i r ings (each  of 
3-second durat ion)  will be used s t r ic t ly  for SPS test ing and will have l i t t le  
e f f ec t  on the t r a j ec to ry .  
CLM-SM separat ion,  and command module and s e r v i c e  module will s epa ra t e .  
The command module will be oriented for a G&N-controlled heat- load en t ry .  
A t  400, 000 feet ,  iner t ia l  velocity will be approximately 28, 700 feet  p e r  
second, and the iner t ia l  flight path angle -3.  5 deg rees .  
module will touchdown in the Pacific Ocean nea r  Midway Island. 
range  and duration of the flight a r e  expected to  be approximately 16, 000 
naut ical  mi l e s  and 100 minutes.  

The S-IVB 

After 5 - 2  shutdown, 

The spacecraf t  wi l l  then be  or ien ted  

0 

After these t e s t s ,  the CSM will be or ien ted  for 

The command 
The total  

9 . 2  TRAJECTORY DESIGN GROUND RULES 

Tra jec to ry  design ground rules  will be supplied a t  a l a t e r  date .  

9. 3 MISSION TRAJECTORIES 

Mission t r a j ec to ry  information will be supplied at a l a t e r  date  

’* 8 9-1 
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9 . 4  SEQUENCE O F  EVENTS 

/ 
The sequence of events will be  supplied at a l a t e r  date .  

I , 9 . 5  MSFN COVERAGE PLOTS 

MSFN coverage plots w i l l  be supplied at a l a t e r  date .  

9 . 6  ENVELOPE 

Envelope information will be supplied a t  a l a t e r  date.  

9 - 2  L 
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c 
10 .0  FLIGHT TASKS (COMMAND AND CONTROL) 

10. 1 0PERATIONA.L TIME LINES 

The detailed operat ional  t ime l ines  will be supplied at  a l a t e r  date 
(in Appendix C).  
operat ions based on the  mis s ion  objectives,  nominal consumables ,  and 
weight management  . 

This information wi l l  include on-off t imes  of subsystem 

10. 2 CONTINGENCIES 

Alternate  mis s ion  t a sks  and modes of operat ion for rect i f iable  o r  
to le rab le  abor t  modes ,  and remaining onboard supplies of fuel, oxygen, 
e t c . ,  will be specified in  this  document at a l a t e r  date .  

10. 3 ABORT CRITERIA 

The abor t  c r i t e r i a  wi l l  define the c r i t i ca l  levels  of subsys tem p e r -  
formance  in  t e r m s  of ground and vehicle displayed p a r a m e t e r s .  
information will be supplied at  a la te r  date.  

This 0 
1 0 . 4  GROUND REAL-TIME DISPLAY AND SUBSYSTEM OPERATING 
LIMITS 

The c r i t i ca l  p a r a m e t e r s  to be displayed a t  ground t racking s ta t ions 
and monitored by flight cont ro l le rs  to de te rmine  and predic t  spacec ra f t  
subsys tem per formance  will be specified in Appendix B at  a l a t e r  date .  

1 0 - 1  - 
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11.0  POST-FLIGHT OPERATIONS 

1 1 . 1  POST-FLIGHT OPERATIONS REQUIREMENTS 

The engineering requi rements  fo r  checkout and disposi t ion of 
Spacecraf t  011  subsys tems during and af te r  r ecove ry  will  be defined in  the 
Vehicle Ground Operat ions Requirements  P lan ,  Spacecraf t  01 1,  SID 64-330-1. 
The re ferenced  document will provide descr ip t ive  t r ea tmen t  of r ecove ry  
opera t ions  and pos t - recovery  testing and operat ions a t  the F lo r ida  Fac i l i ty  
and a t  the c o n t r a c t o r ' s  facility. 
the information in Sections 8. 1 and 8. 3. 

The information will be d i scussed  as  w a s  

The re ferenced  document will define the m a j o r  phases  and detai led 
r equ i r emen t s  for  no rma l  and emergency  landings,  prelaunch deployment 
to  designated r ecove ry  a r e a s ,  and r ecove ry  fo rce  capabi l i t ies ,  a s  well  as 
the m a j o r  phases  of r ecove ry  operations,  including location, r e t r i eva l ,  
and pos t - re t r ieva l  operat ions.  
m e n t s  will  be defined. Safety r equ i r emen t s  r e l a t ed  to  post-landing and 
r ecove ry ,  radioactivity,  and range safety will  be descr ibed .  

AMR subsys tem checkout opera t ion  r equ i r e -  

0 
11.2  CHECKOUT OPERATIONS 

The command module will  be r e tu rned  to F lo r ida  and instal led i n  the 
O&C building following the recovery operation. A detai led visual  inspect ion 
of the command module will  be per formed to a s c e r t a i n  the extent of damage,  
if any, and to de t e rmine  the condition of the subsys t ems .  
ACE equipment have been connected and ver i f ied,  a complete  command 
module e l ec t r i ca l  power-on check will  be per formed.  
out wil l  be conducted of those subsys tems that  malfunctioned o r  failed to 
p e r f o r m  according to specifications. After completing this  tes t ing,  the 
command  module will  be shipped to Downey for  detai led NAA and subcontrac-  
to r  testing. 

A f t e r  GSE and 

In addition, a check-  

11-1 
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, . ,I 

1 2 . 0  APOLLO DATA REQUIREMENTS 

The data r equ i r emen t s  for  the Spacecraf t  011 mis s ion  a r e  outlined in 
the following pa rag raphs .  
i n  SID 63-51 1, Apollo Measurement  Requi rements ,  Spacecraf t  011, and 
detai led t racking and support  data r equ i r emen t s  a r e  specified i n  PRD-3200. 
A m o r e  detailed d iscuss ion  of data r e q u i r e m e n t s  will  be presented  within 
t h i s  sect ion a t  a l a t e r  date.  

Detailed m e a s u r e m e n t  r equ i r emen t s  a r e  specified 

12 .1  ONBOARD DATA 

Onboard data  will be acquired during t e s t  p repa ra t ions  at Downey, 
and during field operat ions and flight testing a t  ETR.  
m e n t s  a r e  specified in SID 63-511 and also l i s ted  i n  Appendix B. 

Measuremen t  r e q u i r e -  

12. 1. 1 T e s t  P r e p a r a t i o n  and Checkout Data 

The data  r equ i r emen t s  for  tes t  p repara t ion  checkouts and launch s i te  
checkouts  will be specif ied by the applicable operat ional  t e s t  p rocedures .  

12. 1. 2 Fl ight  Tes t  Data 
0 

The following data  w i l l  be  supplied to Engineer ing following completion 
of the flight t e s t  ( r e f e r  to PRD 3200  fo r  de ta i l s ) :  

1. Onboard Recorde r  Data. Onboard r e c o r d e r s  a r e  provided to 
r e c o r d  data  fo r  flight evaluation. 
to be r eco rded  a r e  heat shield t empera tu re ,  cha r ,  flux, and 
ablation and command module vibrat ion and acous t ics .  

The pr incipal  m e a s u r e m e n t s  

2. Fl ight  Te leme t ry  Data. 
IMCC f r o m  j u s t  before  liftoff through r ecove ry .  
m e n t s  to be te lemetered  a r e  specified in  Appendix B. 

All t e l eme t ry  data  will be r ece ived  by 
The m e a s u r e -  

12 .2  EXTERNALDATA 

The following ex te rna l  data wi l l  be acquired.  Re fe r  to PRD 3200 and 
the Opera t ions  Direct ive (OD) fo r  detai ls .  

12.2.  1 Engineer ing Sequential Photographic Coverage 

Visible  events  data  coverage f r o m  launch through boost phase  of the 
f l ight  is r equ i r ed  f o r  survei l lance of Apollo s t r u c t u r a l  in te r face  a r e a s ,  
S-IB staging and ignition, and LES tower separa t ion .  

0 
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i 12. 2. 2 Rada r  and Optical Met r ic  Data 

Rada r  and /o r  optical  t racking is r equ i r ed  to provide Apollo vehicle 
position, velocity, acce le ra t ion ,  att i tude,  and o ther  per t inent  data  covered  
i n  the PRD 3200 and the OD. 

i 

12. 2. 3 Meteorological Data 

Launch weather r equ i r emen t s  will  be dictated by the launch vehicle 
m i s s i o n  ru l e  ( see  Section 6. 0 ) .  
a r e  r equ i r ed  f o r  post-flight data  analysis .  

Surface and upper a i r  conditions a t  launch 

12 .3  DATA ACQUISITION SYSTEM 

The data  acquisition sys t em cons i s t s  of the onboard tape r e c o r d e r ,  
the t e l eme t ry  sys tem (which included the ground t e l eme t ry  network),  
onboard and ex terna l  c a m e r a s ,  and the r a d a r  and optical  t racking sys t em,  
A descr ip t ion  of the onboard r e c o r d e r  and t e l eme t ry  sys t em is  presented  
in Section 4. 2. A common 
t ime r e f e r e n c e  wi l l  be used f o r  co r re l a t ion  of a l l  data  acquisit ion s y s t e m s  
Refer  to the PRD 3200 and OD for  detai ls .  

The ground sys t em i s  defined in  Section 9. 5. 

12 .4  DATA DISPOSITION, FORMAT, AND PROCESSING 

12. 4. 1 Checkout Data 

The f o r m a t  r equ i r emen t s  f o r  checkout data  will be provided by the 
applicable O T P ' s .  
manually recorded  readings  and analog osc i l l og rams  made  f r o m  the tape 
record ings .  
vided a t  a l a t e r  date and will  be coordinated by Sys tem Integration of Apollo 
Engineer ing and A T 0  Data Engineer ing.  

These data  will cons i s t  p r i m a r i l y  of a tabulation of 

The detai led plan fo r  disposi t ion and process ing  will  be p ro -  

12. 4. 2 F l igh t  Data 

F o r m a t  r equ i r emen t s  fo r  the presenta t ion  of the fl ight t e s t  da ta  will  
be provided at  a l a t e r  date.  
ing r equ i r emen t s  regard ing  the method of presenta t ion ,  grouping of 
o sc i l l og ram t r aces ,  data  computation, need da te ,  e tc .  The detai led plan 
for  data  disposit ion and process ing  of a l l  f l ight and range  data  will  be 
coordinated by Systems Integration of Apollo Engineer ing and A T 0  Data  
Engine e r ing . 

This  information will  include spec ia l  engineer -  
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1 2 . 5  DATA A N A L Y S I S  P L A N S  

The data ana lys i s  plans will be supplied a t  a l a t e r  date.  The p lans  
will  include genera l  ana lys i s  plans f o r  each  subsys tem and use  of data  
(e .  g. , computer  p r o g r a m s ,  scanning, flight recons t ruc t ion ,  e r r o r  ana lys i s ,  
e tc .  ). 

c 12-3  ww!wwk 
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* 1  C- 

13.0  TEST REPORTS 

13.1 MSC REPORTS 

The ana lys i s  of the spacecraf t  mi s s ion  and the wri t ing of the post-  
launch r e p o r t  will be completed a t  MSC, Houston, Texas ,  by a n  ana lys i s  
and r e p o r t  t eam (A and R t eam) .  
MSFC, KSC, GSFC, and contractor  personnel .  

This  effor t  will be supported by MSC, 

13. 1. 1 One-Hour ReDort 

The MSC one-hour r e p o r t  will be a n  unclassified TWX prepa red  by 
the one-hour r e p o r t  group, approved by the MSC-ASP0 manager (PA) and 
the MSC-FO manage r  (HA), and issued to NASA management  approximately 
one-hour a f te r  lift-off. 
t ime  and place of the launch and pertinent comment s  re la t ing  to the s u c c e s s  
o r  fa i lure  of the miss ion .  

The r epor t  will  contain a brief notification of the 

13. 1. 2 Flight Status Repor t  (48-Hour) 0 
The MSC flight s ta tus  r e p o r t  will  be a confidential TWX prepa red  by 

the flight s ta tus  r e p o r t  group, approved by the P A ,  and i ssued  to NAS-A 
management  within approximately 48 -hours  a f te r  mi s s ion  terminat ion.  
This  r e p o r t  will include subsys tem per formance  ana lys i s  de ta i l s  and signif- 
i can t  occu r rences  based  on analysis  of the quick-look data.  
additional flight s ta tus  r e p o r t s  will be wr i t ten  a t  24-hour in t e rva l s  to r e p o r t  
additional significant fac ts  . 

If requi red ,  

13. 1 .  3 Post -Launch Repor t  

The post-launch r e p o r t  will be the p r i m a r y  effor t  for  the A and R 
t e a m  and will  be a confidential document i ssued  by MSC-ASP0 fo r  d i s t r ibu-  
tion within the NASA organization and to ASPO con t rac to r s  24 ca lendar  days  
a f t e r  launch, s o  that i t  will be quickly available to personnel  concerned 
with planning fu ture  miss ions .  The post-launch r e p o r t  will  p re sen t  
r e s u l t s  f r o m  a n  evaluation of the data available to the t eam during the 
ana lys i s  and wri t ing per iod a t  MSC-FO and MSC-Houston. 

Post- launch r e p o r t  supplements will be p repa red  as requi red .  These  
r e p o r t s  will p re sen t  the r e s u l t s  of additional study and ana lys i s ,  will  be 
p r e p a r e d  by MSC and the contractor  personnel ,  and will  be i s sued  by MSC- 
ASPO for  the same dis t r ibut ion as  for  the post-launch r epor t .  0 
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13.2  NAA-AT0 FIELD REPORTS 

After the Spacecraf t  0 1  1 fl ight,  p re l imina ry  informat ion  will  be made  
avai lable  for  S&ID in te rna l  use  a t  Downey in the f o r m  of one-hour,  24-hour 
and 5-day f ie ld  repor t s .  

13. 2. 1 One-Hour Repor t  

This  r epor t  will  be based  on information avai lable  immedia te ly  a f t e r  
the t e s t  operation and, in  genera l ,  will  include a brief s u m m a r y  of the 
countdown, launch t ime,  brief descr ip t ion  of the miss ion ,  and per t inent  
observa t ions  and comment s  by NAA personnel  a t  the launch s i te .  

13. 2. 2 Twenty-Four Hour Fl ight  Repor t  

Th i s  r epor t  will include a brief descr ip t ion  of the countdown and 
r ecove ry  operat ions,  a p re l imina ry  s ta tement  on the accompl ishment  of 
spacec ra f t  objectives,  a descr ip t ion  of flight events  and t r a j ec to ry ,  and 
r e s u l t s  of the quick-look data  review.  

13. 2. 3 Five-Day Repor t  

This  r epor t  will include a m o r e  detai led coverage  of the subjec ts  
contained in the 24-hour flight r epor t .  
of pos t - recovery  examination, a preflight h i s tory ,  a problem s u m m a r y ,  
and a l i s t  of the tes t  data  rece ived  and expected f r o m  the flight. 

In addition, i t  will  contain r e s u l t s  

13 .3  NAA ENGINEERING REPORTS 

13. 3. 1 Checkout T e s t s  

Engineering will  p r e p a r e  a s u m m a r y  r e p o r t  on each  O T P / O C P  p e r -  
f o r m e d  on the spacecraf t  and i t s  assoc ia ted  equipment.  
will  contain a general  t e s t  descr ip t ion  and l i s t  the engineer ing p rob lems  
encountered,  cor rec t ive  ac t ions  taken, and recommendat ions  fo r  fu ture  
vehicles  and operat ions.  
will  be t ransmi t ted  to RASPO-Downey. 

These  r e p o r t s  

Repor t s  covering in tegra ted  subsys tem checkout 

13. 3. 2 Fl ight  Tes ts  

Engineering will  p e r f o r m  a n  ana lys i s  of spacec ra f t  data  f r o m  the flight 
and  will  p r e p a r e  a documented, in tegra ted  evaluation of the r e su l t s .  
m a t e r i a l  will  be del ivered to  NASA-MSC for r ev iew and  subsequent publica- 
t ion by NASA-MSC a s  one o r  m o r e  post-launch r e p o r t  supplements.  
f i r s t  supplement will be published 60 days  a f t e r  the flight. 
men t s ,  i f  r equi red ,  will  be published a t  30-day in t e rva l s  f o r  a max imum of 
120 days a f t e r  the flight. 

This  

The 
Additional supple-  
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14.0 RANGE AND PAD SAFETY 

14 .1  RANGE SAFETY 

Range safety r equ i r emen t s  w i l l  be in  accordance  with the Genera l  Range 
Safety P lan ,  Volume 11, AFMTC Pamphlet  No. 80-2. This  document 
supplements  the genera l  safety policies and p rocedures  p r e s c r i b e d  in  
AFMTC Regulation 80-9, Range Safety Policy fo r  Miss i l e s  and AFMTC 
Regulation 80-7 ,  Airborne Fl ight  Terminat ion Sys tems.  

14 .2  PAD SAFETY 

All provis ions of the General Range Safety Plan, Volume I, AFMTC 
Pamphle t  No. 80-2,  a r e  applicable unless  specifically excepted, modified, 
o r  supplemented. 
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15 .0  GROUND SUPPORT EQUIPMENT REQUIREMENTS 

The operat ions on Spacecraft  011 will m a r k  the f i r s t  u se  of a complete 
complement  of ground support  equipment. 
support  of the f i r s t  spacecraf t  (Spacecraft  009) a r e  those requi red  for  the 
G&N subsys tem,  fuel ce l l s ,  expanded ECS capabili ty,  and the miss ion  
control  p r o g r a m m e r .  Details on the GSE requi red  for  Spacecraf t  011 for  
handling, servicing,  checkout, and re la ted  functions a r e  available in  
SID 62-417, GSE Planning and Requirements  Lis t .  The re ferenced  document 
identifies each unit of GSE, shows the t e s t  s i t e  and vehicle each unit of GSE 
will  support ,  and the total  number of units requi red .  
GSE that  a r e  requi red  for spacecraf t  support  a r e  a s  follows: 

Units not previously used in 

The four groups of 

1 .  Checkout equipment: consisting of subsys t ems  control  and monitoring 
devices ,  interconnecting cables ,  power distribution sys t ems ,  
acceptance checkout equipment, e tc .  

2.  Handling equipment: consisting of s l ings,  doll ies,  workstands , 
etc .  

3 .  Auxiliary equipment: consisting of protect ive cove r s ,  v, arning 
s t r e a m e r s ,  s imula tors ,  e tc .  

4 .  Servicing equipment: consisting of ba t te ry  c h a r g e r s ,  fluid 
t r a n s f e r  units, leak t e s t  uni ts ,  etc.  

15 .1  DOWNEY CHECKOUT OPERATIONS 

The Downey checkout operations for  Spacecraf t  0 1  1 will r equ i r e  94 
models  of auxi l iary and handling GSE, 13 models  of se rv ic ing  GSE, and 
71 models  of checkout GSE. 

15. 2 FIELD CHECKOUT OPERATIONS 

The field checkout operations for  Spacecraf t  011 will r equ i r e  140 
models  of auxi l iary and handling GSE, 5 2  models  of se rv ic ing  GSE, and 
138 models  of checkout GSE. 
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. .., 

16.0  GENERAL REQUIREMENTS 

1 6 . 1  STRUCTURAL DESIGN CRITERIA 

The s t ruc tu ra l  design of Spacecraf t  011 is in  conformance with the 
s t r u c t u r a l  design c r i t e r i a  specified i n  Apollo Requi rements  Manual, ARM-6 
(SID 64-183), S t ruc tura l  Loads  and C r i t e r i a ,  and MC 999-0051A, Apollo 
Envi ronmenta l  Design and T e s t  Requirements .  ARM-6 p r e s e n t s  the s t r u c -  
t u ra l  loads  that a r e  consis tent  with the s t ruc tu ra l  design c r i t e r i a  regulat ing 
the detai l  design of the Apollo spacecraf t .  
command module,  s e rv i ce  module, adapter ,  and launch e scape  subsys tem.  
In addition, s t ruc tu ra l  c r i t e r i a  for use in the Apollo GSE design a r e  con- 
tained within the document.  
used, in  conjunction with ARM-6, in  the design of the spacec ra f t  and GSE 
equipment.  

Load data  a r e  shown f o r  the 

M C  999-0051A gives the environmental  c r i t e r i a  

16 .2  ENVIRONMENTAL REQUIREMENTS 

The Spacecraf t  01 1 design i s  i n  conformance with the environmental  
r equ i r emen t s  specified i n  MC 999-0051A, Apollo Environmental  Design and 
T e s t  Requi rements .  The environmental  c r i t e r i a  upon which the spacec ra f t  
and ground support  equipment design have been based  a r e  specified in  the 
r e fe renced  document.  The document ca t egor i zes  all the equipment  on the 
b a s i s  of common environmental  r equ i r emen t s ,  which a r e  essent ia l ly  d e t e r -  
mined  by per formance  location. The equipment experience with the var ious  
envi ronments  is  defined in  t e r m s  of t ime;  i. e. , these envi ronments  a r e  re la ted  
to success ive  operat ional  phases-from ground t r anspor t  and s torage  to 
f inal  c r e w  recovery .  

0 

16.3  HANDLING AND TRANSPORT REQUIREMENTS 

The r equ i r emen t s  for  packaging and t ranspor ta t ion  of the spacec ra f t  
a r e  contained in  DIM-15 (SID 64-212), Packaging and Transpor ta t ion .  The 
r e f e r e n c e  document  outlines the plans f o r  p re se rva t ion  and packaging, 
t ranspor ta t ion ,  and s torage  of the spacecraf t .  P r e s e r v a t i o n  of each space -  
c r a f t  subsys tem is outlined, in addition to overa l l  spacec ra f t  packaging and 
p r  e s e r va tion plans . 
are  l i s ted ,  and the t r anspor t  methods f o r  the spacecraf t  a r e  outlined. 

1 6 . 4  ELECTROMAGNETIC COMPATIBILITY REQUIREMENTS 

Packaging and p r  e s e r va tion e quipme nt r equ i r emen t s  

The e lec t romagnet ic  compatibility r equ i r emen t s  a r e  presented  in 
ARM-12 (SID 64-189), Electromagnet ic  Compatibil i ty.  Th i s  document  0 

1, 
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contains  e lectromagnet ic  in te r fe rence ,  e l ec t r i ca l  bonding, and wir ing  
r equ i r emen t s .  
t e s t  r equ i r emen t s  f o r  the spa  e c r a f t  to ensu re  that  the s u b s y s t e m s  will  be 
e lec t r ica l ly  compatible with i s operat ional  envi ronment  and a s soc ia t ed  

bonding f o r  the Apollo spacecraf t ;  and the wir ing  sec t ion  e s t ab l i shes  the 
p rocedures  used for  the control  of e lec t romagnet ic  i n t e r f e rence  in  the 
equipment interconnecting wir ing.  
outlined a r e  applicable to a l l  e lec t ronic ,  e l ec t r i ca l ,  and e lec t romechanica l  
equipment installed in the Apollo spacec ra f t  and GSE that a r e  e lec t r ica l ly  
interconnected.  

Electromagnet ic  in te r fe rence  e s t ab l i shes  the de  s ign and 

GSE; the bonding sect ion e s t a  k l i shes  the des ign  r equ i r emen t s  fo r  e l ec t r i ca l  

Installation p rocedures  and r equ i r emen t s  

16 .5  THERMAL ANALYSIS DATA 

The the rma l  ana lys i s  data  for  the Apollo spacec ra f t  a r e  contained i n  
ARM 2-5  (SID 64-170), T h e r m a l  Analysis Data  Manual. The r e fe renced  
document  contains the the rma l  ana lys i s  data  on the spacec ra f t  s t r u c t u r e  
and components for var ious  boost,  space  flight, and en t ry  environmental  
conditions. 
and ablation r a t e s  of the command module hea t  shield a r e  a l s o  presented  
for  var ious  mis s ions  and conditions. 

Predic ted  t empera tu re  and hea t  flux throughout the spacec ra f t  

16.6 AERODYNAMIC DATA 

The aerodynamic da ta  for  the spacec ra f t  are  contained in ARM 2 - 1  
(SID 64- 174), Aerodynamic Data Manual. The r e fe renced  document p r e -  
sen ts  the aerodynamic design information for  the Apollo spacec ra f t ,  and 
aerodynamic fo rce ,  moment ,  and damping da ta  for  all Apollo components 
and configurations during the a tmospher ic  port ion of any of the Apollo 
mis s ions .  The  data a re  p resen ted  for  appropr ia te  angle-of-at tack,  ro l l  
angle, and Mach No .  ranges  as de te rmined  by mis s ion  r equ i r emen t s  and 
fo r  each mis s ion  phase ,  such  as boost,  abor t ,  o r  en t ry  and recovery .  
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APPENDIX A 

DEFINITIONS O F  TERMS 

This  appendix p r e s e n t s  the definitions of t e r m s  used throughout this  
document.  

TEST OBJECTIVES 

F i r s t - O r d e r  Tes t  Objectives 

F i r s t - o r d e r  t e s t  object ives  compr ise  the ma in  purpose f o r  conducting 
the miss ion .  
p l i shment  of f i r s t - o r d e r  t e s t  objectives.  

The mis s ion  profile wi l l  be ta i lored  to opt imize the accom-  

Second- Orde r  T e s t  Objective s 

Second-order  t e s t  objectives cons is t  of those specific t e s t s  which 

The min imum 
cons t r a in  (e. g . ,  m u s t  be completed sa t i s fac tor i ly  p r i o r  to) succeeding 
fl ights and of flight proof t e s t s  of spacecraf t  equipment. 
spacec ra f t  subsys tem and instrumentat ion configuration r equ i r ed  f o r  the 
m i s s i o n  i s  es tabl ished by the first- and second-order  t e s t  object ives .  

0 

Thi rd -  Orde r  T e s t  Objectives 

Thi rd-Order  t e s t  objectives a r e  those which support  o r  enhance 
succeeding Apollo fl ights,  those which supply supplementary data  fo r  ove r  - 
all spacec ra f t  evaluation, and thos? scient i f ic  expe r imen t s  ass igned  to the 
miss ion .  

OBJECTIVE TERMINOLOGY 

The definitions of t e r m s  used i n  conjunction with the fl ight t e s t  
object ives  in this  document a r e  a s  follows: 

1.  Demonst ra te .  
during a tes t .  
r e q u i r e s  a qualitative answer.  The answer  will  be de r ived  through 
the re la t ion  of this action o r  event to some  other  known informat ion  
o r  occur rence .  This category of objective imp l i e s  that  a min imum 

Denotes the occur rence  of an  act ion o r  a n  event  
The accomplishment  of a n  objective of th i s  type 

4mmmwk A- 1 
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I 

of a i rborne  instrumentat ion will be r e q u i r e d  a n d / o r  that  the 
information will be obtained ex terna l  to the spacecraf t .  

2. Verify.  Denotes quantitative demonst ra t ion  of safe  functioning, 
achievement  of min imum pe r fo rmance  , and operat ional  suitabil i ty 
of equipment. 
all operation, which indicate s quantitatively that the s y s t e m  does  
i n  f ac t  opera te  as  designed, but does  not imply that the in s t rumen-  
tation should necessa r i ly  be adequate to allow pe r fo rmance  
deficiencies to be isolated.  

It a l so  impl ies  a quantitative investigation of o v e r -  

3. Determine.  Denotes the m e a s u r e m e n t  of pe r fo rmance  of any 
sys t em o r  subsys tem.  
investigation of ove ra l l  operat ion,  which includes,  general ly ,  
instrumentat ion fo r  measu r ing  bas ic  inputs and outputs of the 
sys t em o r  subsys tem.  
to what extent  the sys t em i s  operat ing as  designed. The in s t rumen-  
tation should allow per formance  def ic iencies  to be isolated to e i the r  
the sys tem o r  to the sys t em inputs.  

This  category impl i e s  a quantitative 

The information obtained should indicate 

4. Evaluate.  Denotes the m e a s u r e m e n t  of pe r fo rmance  of any s y s t e m  
o r  subsys tem a s  well a s  the pe r fo rmance  a n d / o r  in te rac t ion  of 
i t s  components that  a r e  under investigation. 
of objectives of this type r e q u i r e s  quantitative data  on the p e r -  
formance  of both the s y s t e m  o r  subsys tem and i t s  components.  
The per formance  leve ls  will then be analyzed fo r  their  contribution 
toward per formance  of the sys tem.  This  category will provide the 
m o s t  detailed information of any of these  ca tegor ies .  

The accompl ishment  

5. Obtain Data. Denotes the gathering of engineer ing information 
which is to be m e a s u r e d  to augment  the genera l  knowledge r equ i r ed  
in  the development of the ove ra l l  spacecraf t .  This  category m a y  
a l s o  be used for  supplemental  investigation, such a s  environmental  
s tudies  and ground equipment s tudies .  The degree  of ins t rumenta-  
tion is  not implied by this definition. 

6. Tes t .  Denotes a specially p repa red  operat ion,  o r  s e r i e s  of 
operat ions,  the intent  of which is  to de t e rmine  the resu l tan t  
cha rac t e r i s t i c s  of a component o r  s y s t e m  when opera ted  under 
specified, controlled conditions,  It is cha rac t e r i zed  as  a unique, 
developmental  p rocedure ;  once p e r f o r m e d  successfu l ly ,  i t  usually 
need not be repea ted .  

7. Proof .  Denotes a tes t ,  the pe r fo rmance  of which produces  evidence 
that a prec ise  design c r i t e r i a ,  specif icat ion,  o r  r equ i r emen t  i s  

n- 
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m e t  in  a manner  such that the design of the tes ted a r t i c l e ( s )  
is cons idered  to be confirmed. 

SUBSYSTEM PRIORITIES 

The spacec ra f t  subsys t ems  a r e  ass igned  e i ther  p r i m a r y  o r  secondary  
pr ior i ty .  
the init ial  t e s t  p r o g r a m ,  when incomplete s u b s y s t e m s  a r e  tes ted,  th i s  
definition will apply to units and elements .  

The pr ior i ty  ass igned  r e l a t e s  to the flight t e s t  objectives.  During 

P r i m a r v  Subsvs t e m s  

P r i m a r y  subsys t ems  a r e  those subsys t ems  functionally r equ i r ed  for  
the spacec ra f t  to successful ly  accomplish first- and second-order  t e s t  
object ives .  
s y s t e m s  m u s t  be avai lable  p r i o r  to launch. 

A posit ive indication of sa t i s fac tory  opera t ion  of p r i m a r y  sub-  

Secondary Subsys tems 

Secondary subsys t ems  a re  those subsys t ems  not functionally r equ i r ed  
for  the spacec ra f t  to complete  its planned m i s s i o n  ( f i r s t -  and second-order  
object ives) .  
mandatory  countdown hold o r  sc rub ,  

Malfunction of secondary subsys t ems  will  not r equ i r e  a 

0 
CONSTRAINT 

A cons t ra in t  i s  the minimum mandatory  tes t ing that  m u s t  be accom-  

Cons t r a in t s  a r e  
pl ished sa t i s fac tor i ly  p r i o r  to the event being cons idered .  
not cdmpleted will  hold the miss ion  under considerat ion.  
h a r d  r equ i r emen t s  and will  not be a r b i t r a r i l y  removed.  

A fl ight cons t ra in t  

EVALUATION CRITERIA 

Evaluat ion c r i t e r i a  a r e  the detailed, specif ic  r equ i r emen t s  and data 
r e q u i r e d  to es tab l i sh  the method and d e g r e e  of compliance with the t e s t  
object ives  specif ied as  (1) demonst ra te ,  (2)  de t e rmine ,  and ( 3 )  evaluate.  

ELECTROMAGNETIC COMPATIBILITY (EMC) 

EMC is the compatibil i ty of s y s t e m s  o r  s u b s y s t e m s  to function 
normal ly  in  each  o t h e r s  p re sence  and i n  the planned e lec t romagnet ic  
envi r  onme nt  , 
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APPENDIX 6 

MISSION RULES 

The mis s ion  r u l e s  will  be provided a t  a l a t e r  date.  
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APPENDIX C 

OPERATIONAL TIME LINES 

The operat ional  t ime l ines  wil l  be provided a t  a l a t e r  date. 
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